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TO 

ANDEEW  LAMB,  ESQ. 

I       nOISBR  OF  THB  FHinNSUlAB  AND   ORIENTAL   8TBAK    COMPAKT. 

Mr  DEAR  Sir, 

I  inacribe  the  present  edition  of  this  work  to  you 
—not  merely  as  a  memorial  of  an  intimacy  which  has 
existed  during  the  greater  part  of  both  of  our  lives,  but 
as  a  testimony  of  my  appreciation  of  the  solid  and 
sterling' qualities  which  have  enabled  you  to  render 
6uch  important  services  to  the  Peninsular  and  Oriental 
Company,  and  which  have  had  a  most  powerful  though 
unseen  operation  in  promoting  the  prosperity  which 
that  Company  has  attained.  No  one  knows  better  than 
I  do  the  past  history  of  that  CJompany,  and  no  one  is 
better  able  to  appreciate  the  value  of  those  momentous 
but  unobtrusive  services  which  have  so  much  con- 
tributed to  its  success. 

I  remain,  my  dear  Sir, 

Very  truly  yours, 

J.  BOURNE. 
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THE    ELEVENTH   EDITION. 


The  wide  circulation  which  my  *  Catechism  of  the 
Steam  Engine '  has  obtained  entails  upon  me  this 
responsibility,  that  I  shall  not  suffer  the  informa- 
tion which  it  imparts  to  become  antiquated,  but 
that  I  shall,  from  time  to  time,  so  far  revise  its 
contents  as  to  keep  them  in  accord  with  the  con- 
temporaneous maxims  of  engineering  art,  and  with 
the  latest  improvements  in  engineering  practice. 
As  this  work,  while  descending  to  the  apprehen- 
sion of  the  tyro,  pretends  to  rise  to  the  level  of 
the  knowledge  of  the  most  proficient  practitioner, 
it  is  quite  indispensable,  in  order  to  justify  this 
pretension,  that  it 'shall  give  the  information  of 
to-day  rather  than  the  information  of  yesterday ; 
and  in  the  present  edition  I  have  spared  no  pains 
to  realise  this  condition  of  continued  appreciation 
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and  authority.  I  have,  accordingly,  not  merely 
revised  the  work  carefully  throughout,  but  I  have 
added  an  Introduction  of  nearly  half  the  size  of 
the  work  itself,  in  which  I  have  endeavoured  to 
collect  all  the  most  recent  and  valuable  informa- 
tion connected  with  the  steam  engine  in  its  pre- 
sent most  eligible  developments,  to  the  end  that 
the  reader  might  be  made  acquainted  with  the 
last  touches  of  improvement  and  the  most  accre- 
dited maxims  of  present  practice.  Numerous 
examples  illustrative  of  recent  progress  in  every 
class  of  engine  have  been  introduced,  so  that  the 
woodcuts  in  the  Introduction  considerably  out- 
number those  in  the  original  work,  showing  both 
the  engineering  activity  of  the  last  ten  years,  and 
the  solicitude  with  which  everything  new  and 
important  has  been  collected. 

I  may  here  take  occasion  to  notify  that  the 
*  Handbook  of  the  Steam  Engine,'  which  I  have 
mentioned  in  previous  prefaces  as  intended  to 
contain  all  the  rules  in  the  *  Catechism '  and  some 
others  worked  out  at  length,  with  appropriate 
examples,  I  have  at  length  been  able  to  com- 
plete ;  and  I  trust  that  this  work  will  be  found  to 
be  a  useful  companion  to  the  *  Catechism,'  and 
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that  it  will  meet  with  an  equally  wide  acceptation. 
I  have  spared  no  pains  to  render  it  simple^  reliable, 
and  practically  useful  to  the  engineer,  feeling  it 
incumbent  upon  me  to  endeavour  in  some  mea- 
sure to  justify  the  high  expectations  which  the 
announcement  of  the  work  has  raised. 

J.  Bourne. 


Bbbkelkt  Villa,  Heokkt's  Park  Roaj>, 
Loxdon:  1866. 
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THE    FIRST    EDITION. 


The  present  work  is  not  intended  as  a  substitute 
for  the  quarto  Treatise  on  the  Steam  Engine  which  I 
latelj  publishedi  but  is  rather  to  be  regarded  as  an 
introduction  and  in  some  measure  also  as  a  supple- 
ment to  that  work.  Notwithstanding  the  existence 
of  the  larger  Treatise,  it  appeared  to  me  that  a 
work  upon  the  steam  engine,  which  in  a  mode- 
rate compass  should  give  an  outline  of  the  whole 
subject  in  its  practical  aspect,  would  still  be  of  much 
utility.  There  are>  no  doubt,  many  compendiums 
already  eusting  which  profess  to  accomplish  this 
object,  but  I  haye  not  met  with  any  which  were 
calculated  to  satisfy  even  the  most  moderate  expecta- 
tions. Most  of  them  are  mere  compilations  from 
theoretical  authors,  and  abound  even  with  scientific 
errors^  whilst  indicating  the  absence  of  any  practical 
acquaintance  with  the  subject ;  so  that  they  possess 
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but  slender  claims  upon  the  attention  of  the  engineer, 
or  indeed  of  any  one  desirous  of  obtaining  accurate 
information  on  the  subject  of  which  thej  treat.  I 
hold  it  to  be  the  first  quality  of  an  introductory  work 
that  it  should  at  least  be  sound — that  the  doctrines  it 
inculcates,  and  the  lessons  it  conveys,  shall  not  all 
have  to  be  unlearned  again  at  a  subsequent  stage  of 
progress ;  and  whatever  be  its  other  characteristics, 
I  believe  that  the  present  Avork  will  at  least  be  found 
to  conform  to  this  standard  of  utility.  It  en^  bodies,  I 
believe,  the  best  information  now  existing  upon  the 
subjects  of  which  it  treats  —  not  taken  from  books, 
nor  deduced  from  mere  theoretical  considerations,  but 
derived  from  my  own  practice  or  from  the  personal 
communications  of  the  most  experienced  engineers  of 
the  present  time. 

JOHN  BOURNE. 


PREFACE 


THE    FOURTH    EDITION. 


For  some  years  past  a  new  edition  of  this  work  has 
been  called  for,  but  I  was  unwilling  to  allow  a  now 
edition  to  go  forth  with  all  the  original  faults  of  the 
work  upon  its  head,  and  I  have  been  too  much 
engaged  in  the  practical  construction  of  steam  ships 
and  steam  engines  to  find  time  for  the  thorough 
reTisioQ  which  I  knew  the  work  required.  At  length, 
howeyer,  I  have  sufficiently  disengaged  myself  from 
these  onerous  pursuits  to  accomplish  this  necessary 
revision ;  and  I  now  offer  the  work  to  the  public,  with 
the  confidence  that  it  will  be  found  better  deserving 
of  the  favourable  acceptation  and  high  praise  it  has 
already  received.  There  are  very  few  errors,  either 
of  fact  or  of  inference,  in  the  early  editions,  which  I 
have  had  to  correct;  but  there  are  many  omissions 
which  I  have  had  to  supply,  and  faults  of  arrangement 
and  classification  which  I  have  had  to  rectify.    I  have 
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also  had  to  bring  the  information,  which  the  work 
professes  to  afford,  up  to  the  present  time,  so  as  to 
comprehend  the  latest  improvements. 

For  the  sake  of  greater  distinctness  the  work  is  now 
divided  into  chapters.  Some  of  these  chapters  are 
altogether  new,  and  the  rest  have  received  such 
extensive  additions  and  improvements  as  to  make  the 
book  almost  a  new  one.  One  purpose  of  mj  emenda- 
tions has  been  to  render  my  remarks  intelligible  to  a 
tyro,  as  well  as  instructive  to  an  advanced  student. 
With  this  view,  I  have  devoted  the  first  chapter  to  a 
popular  description  of  the  Stenm  Engine  —  which  all 
may  understand  who  can  understand  anything  —  and 
in  the  subsequent  gradations  of  progress  I  have  been 
careful  to  set  no  object  before  the  reader  for  the  first 
time,  of  which  the  nature  and  functions  are  not 
simultaneously  explained.  The  design  I  have  pro- 
posed to  myself,  in  the  composition  of  this  work,  is  to 
take  a  young  lad  who  knows  nothing  of  steam 
engines,  and  to  lead  him  by  easy  advances  up  to  the 
highest  point  of  information  I  have  myself  attained  ; 
and  it  has  been  a  pleasing  duty  to  me  to  smooth  for 
others  the  path  which  I  myself  found  so  rugged,  and 
to  impart,  for  the  general  good  of  mankind,  the  secrets 
which  others  have  guarded  with  so  much  jealousy. 
I  believe  I  am  the  first  author  who  has  communicated 
that  practical  information  respecting  the  steam  engine. 
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which  persons  proposing  to  follow  the  business  of  an 
engineer  desire  to  possess.  Mj  business  has,  there- 
fore, been  the  rough  business  of  a  pioneer ;  and  while 
hewing  a  road  through  the  trackless  forest,  along 
which  all  might  hereafter  travel  with  ease,  I  had  no 
time  to  attend  to  those  minute  graces  of  composition 
and  petty  perfections  of  arrangement  and  collocation, 
which  are  the  attribute  of  the  academic  grove,  or  the 
literary  parterre.  I  am,  nevertheless,  not  insensible 
to  the  advantages  of  method  and  clear  arrangement 
in  any  work  professing  to  instruct  mankind  in  the 
principles  and  practice  of  any  art ;  and  many  of  the 
changes  introduced  into  the  present  edition  of  this 
work  are  designed  to  render  it  less  exceptionable  in 
this  respect.  The  woodcuts  now  introduced  into  tlie 
work  for  the  first  time  will,  I  believe,  much  increase 
its  interest  and  utility;  and  upon  the  whole  I  am 
content  to  dismiss  it  into  circulation,  in  the  belief 
that  those  who  peruse  it  attentively  will  obtain  a  more 
rapid  and  more  practical  acquaintance  with  the  steam 
engine  in  its  various  applications,  than  they  would  be 
likely  otherwise  to  acquire. 

I  have  only  to  add  that  I  have  prepared  a  sequel  to 
the  present  work,  in  the  shape  of  a  Hand  Book  of  the 
Steam  Engine,  containing  the  whole  of  the  rules  given 
in  the  present  work,  iUustrated  by  examples  worked 
out  at  length,  and  also  containing  such  useful  tables 
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and  other  data,  as  the  engineer  requires  to  refer  to 
constantly  in  the  course  of  his  practice.  This  work 
may  be  bound  up  with  the  *'  Catechism/'  if  desired, 
to  which  it  is  in  fact  a  Key. 

I  shall  thankfully  receive  from  engineers,  either 
abroad  or  at  home,  accounts  of  any  engines  or  other 
machinery,  with  which  they  may  become  familiar  in 
their  several  localities ;  and  I  shall  be  happy,  in  my 
turn,  to  answer  any  inquiries  on  engineering  subjects 
which  fall  within  the  compass  of  my  information.  If 
young  engineers  meet  with  any  difficulty  in  their 
studies,  I  shall  be  happy  to  resolve  it  if  I  can ;  and 
they  may  communicate  with  me  upon  any  such  point 
without  hesitation,  in  whatever  quarter  of  the  world 
they  may  happen  to  be. 

•         JOHN  BOUENE. 


9.  Billiter  Street,  London. 
^larch  I8t,  185b. 
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THE    FIFTH    EDITION. 


The  last  edition  of  the  present  work,  consisting  of 
3600  copies,  having  been  all  sold  off  in  about  ten 
months,  I  now  issue  another  edition,  the  demand  for 
the  work  being  still  unabated.  It  affords,  certainly, 
K>me  presumption  that  a  work  in  some  measure 
Bopplies  an  ascertained  want,  when,  though  address- 
ing onlj  a  limited  circle  —  discoursing  onlj  of  tech- 
nical questions,  and  without  any  accident  to  stimulate 
it  into  notoriety,  —  it  attains  so  large  a  circulation  as 
the  present  work  has  reached.  Besides  being  re- 
printed in  America,  it  has  been  translated  into  Ger- 
man, French,  Dutch,  and  I  believe,  into  some  other 
languages,  so  that  there  is,  perhaps,  not  too  much 
Tanity  in  the  inference  that  it  has  been  found  ser- 
viceable to  those  perusing  it.  I  can  with  truth  say 
that  the  hope  of  rendering  some  service  to  mankind, 
a 
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in  mj  day  and  generation,  has  been  mj  chief  induce- 
ment in  writing  it,  and  if  this  end  is  fulfilled,  I  have 
nothing  further  to  desire* 

I  regret  that  circumstances  have  prevented  me  from 
jet  issuing  the  **  Hand-Book "  which  I  have  had  for 
some  time  in  preparation,  and  to  which,  in  my  Preface 
of  last  year,  I  referred.  I  hope  to  have  sufficient 
leisure  shortly,  to  give  that  and  some  other  of  my 
literary  designs  the  necessary  attention.  Whatever 
may  have  been  the  other  impediments  to  a  more 
prolific  authorship,  certainly  one  of  them  has  not  been 
the  coldness  of  the  approbation  with  which  my  efforts 
have  been  received,  since  my  past  performances  seem 
to  me  to  have  met  with  an  appreciation  far  exceeding 
their  deserts. 

JOHN  BOURNE. 
Febraaiy  Snd,  \9&7. 
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INTEODUCTION 


CATECHISM  OF  THE  STEAM  ENGINE. 


Is  this  Introdaction  I  propose  to  recapitulate  the  most 
usefal  information  I  have  been  able  to  collect  res- 
pecting the  improvements  which  have  been  made  in 
the  steam  engine  during  the  last  decennium. 

As  this  work  addresses  practical  engineers,  and  not 
mere  desultory  or  superficial  enquirers,  it  is  indis- 
pensable that  the  information  it  affords  should  not 
onlj  be  intrinsicallj  sound  and  practical,  but  that  it 
should  be  cleared  of  all  tinge  of  antiquity.  In  an 
art  80  rapidly  progressive  as  mechanical  engineering, 
the  knowledge  of  ten  years  ago  is  no  longer  adequate 
to  satisfy  the  wants  or  direct  the  operations  of  present 
practice ;  and,  under  this  conviction,  it  has  appeared 
to  me  that  the  time  has  come  when  it  would  be  proper 
to  review  the  information  which  the  present  work 
contuns,  in  order  that  it  might  be  rendered  more 
conformable  to  the  accredited  maxims  of  the  time, 
and  also  that  reliable  information  respecting  altered 
modes  and  new  improvements  might  be  fully  afforded. 
To  this  end  I  have  carefully  revised  the  text  of  the 
last  edition  ;  and  I  have  introduced  such  alterations 
into  it  as  appeared  to  me  to  be  necessary  to  make  the 
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work  consistent  with  the  best  indications  of  modem 
practice.      But    these    alterations    have    not    been 
numerous  or  extensive,  as  I  found  that  although  there 
was  a  good  deal  to  add  there  was  little  to  alter ;  and 
it  seemed  to  me  that  the  requisite  additions  could  be 
much  more  convenientlj  made  in  a  separate  discourse, 
which  would  be  introductory  to  the  work,  and  which 
might  be  purchased  separately  bj  the  possessors  of 
the  former  editions,  than  by  incorporating  such  new 
information  in  the  body  of  the  work  itself  whereby 
it  would  be  rendered  inaccessible  to  all  who  did  not 
feel  disposed  to  purchase  the  entire  volume.     Under 
these  convictions  I  have  proceeded  to  prepare  the 
present  introduction ;   and  I  trust  that  it  will  be 
found  to  answer  its  intended  purpose  of  giving  an 
accurate  and  vigorous  outline  of  contemporaneous 
engineering  knowledge  in  its  most  select  manifesta- 
tions, and  that  it  will  set  the  reader  face  to  faee  with 
the  works  and  opinions  of  those  who  are  justly  ac- 
counted the  leaders  of  the  art,  so  that  he  will  be 
able  to  feel  that  he  has  been  brought  up  to  the 
highest  point  of  information  yet  reached  by  the  most 
eminent  practitioners.    It  is  this  vitalizing  species  of 
knowledge  which  alone  renders  engineering  works  of 
much  value ;  and  the  place  of  it  can  never  be  supplied 
by  the  resources  of  abstract  speculation,  or  the  pale 
reflections  of  the  literary  compiler. 

THERMO-DYNAMICS. 

One  of  the  ablest  series  of  researches  which  has 
been  made  of  late  years  on  subjects  connected  with 
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Steam,  is  that  hj  which  Mr.  Joule  has  established  the 
mutual  relations  of  heat  and  power.  It  has  long 
been  known  that  heat  may  be  made  to  produce  power, 
and  that  power  maj  be  made  to  produce  heat.  But 
Mr.  Joule  has  shown  hj  elaborate  experiments  that 
the  heat  produced  hj  friction  is  the  mechanical  equi- 
valent of  the  power  expended  in  maintaining  the 
friction  ;  and  that  the  power  represented  by  the  de* 
scent  of  a  pound  weight  through  772  feet,  or  772  lbs. 
through  one  foot,  would,  if  expended  in  friction, 
produce  as  much  heat  as  would  raise  the  temperature 
of  a  pound  of  water  one  degree  Fahrenheit  If  we 
had  a  perfect  engine  for  extracting  the  power  from 
bea^  we  ought  to  be  able  to  recover  from  the  heat 
generated  bj  friction  the  exact  amount  of  power  ex- 
pended in  generating  the  heat.  But  in  the  best 
existing  steam  engines  it  is  found  that  only  about 
one  tenih  of  the  value  of  the  heat  is  obtained  as 
power,  the  residue  being-  wholly  wasted ;  so  that 
if  a  steam  engine  were  employed  to  generate  heat 
hj  friction,  only  one  tenth  of  the  power  would 
be  obtained  that  would  have  to  be  consumed  in 
the  production  and  maintenance  of  the  friction. 
The  steam  engine,  indeed,  has  now  been  found  to 
be  a  veiy  wasteful  machine ;  and  the  cause  of  the 
waste  is  traceable  to  the  fact  that  it  deals  with  ex- 
tremes of  temperature  but  little  removed  from  one 
another,  instead  of  with  extremes  of  temperature  as 
&r  removed  from  one  another  as  possible.  As  in  a 
waterfall  the  power  generated  with  any  given  quan- 
tity of  water  is  measureable  by  the  difference  of 
level  between  the  highest  and  the  lowest  points,  so 
bs 
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in  a  steam  engine  the  power  generated  with  anj 
given  quantity  of  heat  is  measurable  bj  the  difference 
of  temperature  between  the  boiler  and  the  condenser. 
The  greater  this  difference  is,  the  larger  will  be  the 
proportion  of  heat  utilized  as  power.  But  as  in 
common  furnaces  the  temperature  may  be  taken  at 
3,000  degrees  above  the  temperature  of  the  atmo- 
sphere, while  the  temperature  of  the  boiler  is  only 
about  200  degrees  above  the  temperature  of  the  con- 
denser, the  larger  part  of  the  fall  in  the  temperature 
is  lost,  or  not  utilized,  and  the  engine  is  consequently 
not  nearly  so  effective  as  it  would  be  if  the  steam 
could  be  received  at  the  temperature  of  the  furnace 
and  expanded  down  to  the  temperature  of  the  con- 
denser. In  practice  there  are  impediments  to  the 
use  of  steam  hotter  than  that  which  is  at  present  em- 
ployed. But  it  is,  nevertheless,  proper  to  understand 
that  either  a  very  much  higher  initial  temperature 
must  be  dealt  with,  or  else  the  combination  of  the 
fuel  with  oxygen  must  be  conducted  under  such  cir- 
cumstances as  to  generate  power  rather  than  heat, 
before  that  measure  of  economy  in  the  production  of 
power  can  be  attained  which  is  known  to  be  possible. 
In  the  animal  economy  a  given  quantity  of  carbon 
produces  its  equivalent  of  power  with  far  less  waste 
than  in  the  best  steam  engine,  although  the  tempera- 
ture is  not  great :  and  the  same  result  takes  place  in 
a  Voltaic  battery — the  electricity  generated  by  which 
may  be  made  to  work  an  engine  with  far  less  loss 
than  its  equivalent  quantity  of  heat.  It  does  not, 
however,  appear  to  be  in  the  least  probable  that 
electro-magnetic  engines  will  be  brought  into  use  to 
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supersede  steam  engines,  unless  some  means  should 
be  discovered  of  obtaining  the  electi'icity  from  coal 
instead  of  zinc«  Zinc,  like  coal,  may  be  burned,  and 
win  produce  heat.  But  a  pound  of  coal  consumed  in 
an  engine  will  produce  more  than  twice  the  power 
produced  in  a  Galvanic  battery  by  a  pound  of  zinc» 
and  the  cost  of  the  coal  will  also  be  very  much  less. 

SUPERHEATING. 

The  practice  of  superheating  the  steam  before  per- 
mitting it  to  enter  the  engine  is  now  very  generally 
pursued,  especially  in  steam  vessels ;  and  the  innova- 
tion has  been  productive  of  a  material  saving  of  fuel 
in  many  cases.  The  reasons  which  render  super- 
heating a  source  of  economy  may  be  inferred  from  the 
foregoing  remarks  on  Thermo-dynamics ;  and  in  the 
first  edition  of  my  Treatise  on  the  Steam  Engine, 
published  in  1844  —  which  was  long  before  the 
benefits  of  superheating  were  recognized — an  inves- 
tigation was  given  of  the  economy  to  be  derived 
from  a  certain  assigned  amount  of  superheating. 
This  investigation  was  first  made  by  me  in  1834,  and 
subaeqaent  experience  has  shown  that  the  estimate 
then  arrived  at  was  pretty  nearly  correct  It  was, 
however,  at  the  same  time,  pointed  out  by  me  in  the 
Treatise  on  the  Steam  Engine,  and  also  in  the  first 
edition  of  the  Catechism  of  the  Steam  Engine,  pub- 
lished in  1848,  that  the  expedient  of  superheating 
would,  no  doubt,  lead  to  the  internal  corrosion  of  the 
superheating  vessel,  and  also  of  the  internal  parts  of 
the  engine ;    and    this  anticipation  has  also  been 
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verified  hj  the  result*  It  is  found  in  practice  that 
if  the  steam  is  superheated  to  a  temperature  ex- 
ceeding 315  degrees,  the  hemp  packings  of  the  stuf- 
fing boxes  will  be  burned,  the  oil  or  tallow  used  in 
the  engine  will  be  carbonized,  and  the  cylinders  and 
raises  will  be  liable  to  be  grooved  and  injured  by  the 
heat  and  friction  of  the  rubbing  parts.  In  boilers 
already  producing  dry  steam,  and  possessing  an 
adequate  amount  of  heating  surface,  the  saving  in 
coal  accomplished  by  superheating  common  low 
pressure  steam  to  this  extent  may  be  set  down  as 
about  10  per  cent. ;  and  although  a  larger  economy 
than  this  has  been  obtained  in  some  cases,  the  in- 
creased advantage  is  to  be  imputed  to  the  acquisition 
of  an  increased  heating  surface,  whereby  the  heat 
has  been  utilized  in  drying  the  steam  that  previously 

*  When  the  first  edition  of  the  present  work  appeared  in 
1848,  the  practice  of  transmitting  the  smoke  through  the 
steam  chest  in  marine  boilers  was  nniversal ;  and  it  will  be  seen 
at  p.  257  that  I  reprehended  that  practice  as  certain  to  occasion 
internal  corrosion  of  the  steam  chest,  and  I  recommended  that 
the  smoke  should  be  transmitted  to  the  exterior  of  the  boiler 
without  being  passed  through  the  steam  chest  at  all.  This  re- 
commendation appears  to  have  been  adopted,  as  the  smoke  Is 
rarely,  if  ever,  now  transmitted  through  the  steam  chest ;  and 
the  internal  corrosion  of  the  steam  chest  has  consequently  ceased 
to  be  a  source  of  injury.  But  where  superheaters  are  employed 
the  same  internal  corrosion  which  was  formerly  experienced  in 
the  steam  chest  reappears  in  the  superheater — though,  as  this  is 
a  removable  vessel,  and  one  from  which  the  steam  can  at  any 
time  be  shut  off,  the  evil  of  internal  corrosion  is  not  so  serious 
when  occurring  there,  as  if  it  took  place  in  the  boiler  itself 

I  believe  that  the  internal  corrosion  of  superheaters  might  be 
prevented  by  placing  pieces  of  charcoal  within  them,  either  in  a 
wire  cage  or  otherwise,  for  the  carbon  would  satisfy  the  aflSnity 
of  the  oxygen  which  now  produces  oxidation,  and  would  thus 
leave  the  iron  free  from  attack. 
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nscended  the  chimnej — ^rather  than  to  the  superior 
efficacy  of  a  given  qaantity  of  heat  when  distributed 
in  the  assigned  proportion  between  the  water  and 
the  steam.*  Upon  the  whole,  superheating  is  now 
rather  on  the.  decline ;  at  all  events,  it  is  not  now 
carried  much  beyond  that  point  which  suffices  to 
diy  the  steam,  and  to  prevent  the  steam  within  the 
cylinder  from  suffering  partial  condensation,  either 
by  external  radiation  or  by  the  generation  of  power.f 

*  In  some  cases  where  a  large  amonnt  of  advantage  has  been 
obtained  from  the  application  of  superheaters,  altiiongh  the 
Bteam  has  not  been  heated  to  any  inconvenient  temperature,  a 
part  of  the  benefit  is  explicable  on  the  supposition  that  the 
steam  whidi  was  before  mixed  with  spray  has  been  dried  in  the 
sapeiheater,  wherebj  its  rolnme  has  been  much  augmented 
although  its  temperature  has  not  been  very  much  raised.  This 
benefit  is  manifestly  a  different  one  from  that  of  superheating 
proper,  and  in  a  Wler  already  producing  dry  steam  it  would 
DOt  be  obtained. 

f  Steam  in  the  production  of  power  is  itself  condensed  ;  and 
less  heat  will  pass  into  the  condenser  than  is  generated  in  the 
boiler  by  the  amount  that  is  the  equivalent  of  the  power  gene* 
rated.  If  this  were  not  so,  a  steam-engine  would  be  a  heat- 
producing  engine ;  for  the  power  of  the  engine  is  capable  of 
producing  heat  by  friction,  and  if  we  had  in  the  condenser  all 
the  heat  which  the  coal  can  generate,  and  if  we  also  had  the 
heat  generated  by  the  friction,  we  should  have  a  total  amount  of 
heat  greater  than  the  coal  could  generate,  which  is  an  absurd 
supposition.  There  will  consequently  always  be  in  the  con- 
denser less  heat  than  the  Ixnler  produces ;  and  the  greater  this 
disparity — supposing  there  is  no  loss  by  radiation — the  more 
efifeetire  the  engine  will  be.  In  a  perfect  engine  the  temperature 
of  the  condenser  would  not  be  raised  at  all ;  but  the  heat  would 
wholly  disappear  by  its  transformation  into  power.  In  such  an 
engine  the  steam  would  enter  the  cylinder  at  the  temperature  of 
the  furnaee ;  and  as  it  expanded  more  and  more,  its  temperature 
would  fUl  mofe  and  more,  until  finally  it  entered  the  condenser 
at  the  same  temperature  as  the  condenser  itselt  Such  an  engine 
indeed  would  not  require  a  condenser,  since  the  steam  would 
itself  condense  as  the  heat  left  it  by  its  transformation  into  power. 
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But  condensation  is  equally  hindered  bj  the  applica<' 
tion  of  a  steam  jacket;  and  high-pressure  steam 
worked  expansivelj  in  jacketed  cylinders,  combined 
with  surface  condensers  in  the  case  of  steam  vessels 
using  salt  water,  is  now  regarded  as  the  most  pro- 
mising expedient  of  economy. 

The  construction  of  superheaters  is  very  various. 
But  in  most  cases  the  steam  is  sent  through  a  faggot 
of  small  tubes  set  in  the  smoke  at  the  root  of  the 
chimney. 

An  example  of  this  arrangement  is  given  in^^.  I, 
which  is  a  representation  of  the  superheater  intro* 
duced  by  Messrs.  R.  Napier  and  Sons  into  the 
steamer  '  Oleg,'  belonging  to  the  Russian  Steam  Na- 
vigation Company,  a  is  the  boiler,  and  a  the  uptake 
of  the  boiler;  ^position  of  inlet  valve  connecting  boiler 
with  superheater ;  d  and  f  inlet  and  outlet  chambers 
of  superheater ;  E  tubes  through  which  the  steam 
passes ;  g  double  outlet  stop-valve  chest,  in  which  g 
connects  superheater  to  steam  pipe,  and  h  connects 
boiler  to  steam-pipe  direct,  h  is  the  chimney.  The 
smoke  in  ascending  the  chimney  impinges  on  the 
tubes  transmitting  the  steam,  whereby  the  steam  is 
heated  to  the  required  extent. 

In  Lamb  and  Summers'  superheating  arrangement, 
a  narrow  rectangular  pipe  or  chamber — which  winds 
in  a  zigzag  manner  like  the  flue  of  a  flue  boiler — 
conducts  the  steam  backwards  and  forwards  amongst 
the  smoke  at  the  root  of  the  chimney,  until  finally 
the  steam  debouches  in  the  steam  pipe. 

This  superheater  is  shown  in  ^.  2,  where  A  is 
the  winding  rectangular  chamber ;  b  the  stop  valve 


EXAMPLES  OF  8UPKSHEATEBS.  9 

for  admitting  steam  into  the  superheater;  0  stop* 
▼alve  for  letting  steam  pass,  from  the  boiler  to  the 


SorSBBBATIIIG  ApPAEATUJI  or  S.  S.  0LEG»  BT  R.  NjLP»R  AMD  SONI.    1860t 

Longitudinal  Section. 

engines  without  passing  through  superheater ;  d  stop- 
valve  for  shutting  off  superheater ;  G  is  the  chimnej; 
F  is  a  door  for  getting  into  it,  and  h  H  is  a  ring  or 
coomingy  over  which  the  chimnej  passes,  and  the 
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space  between  which  and  the  chimney  is  filled  with 
fire-clay  to  keep  it  tight. 


Ftg.9. 
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Lamb  and  Sdmmim*  Supbrbiatinq  Apparatdi,  1860.    Vertical  Section. 

Another  example  of  Lamb  and  Summers'  snper- 
heater  is  given  in  ^g,  3,  which  is  a  ground  plan  of 
the  superheater  as  applied  to  four  boilers,  collectively 
of  400  horse  power.     The  steam  space  is  4  inches 
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wide,  and  the  smoke  spaces  are  each  6^  inches  wide. 
The  winding  length  through  which  the  steam  is  con- 
dacted  is  51  feet  9  inches,  and  the  height  of  the 


Fig.  3. 


Laum  AMD  SCMMIU*  SUPBBHBATllVO  APPABATUS,  1HC5.     GfOUnd  PUo. 

winding  chamber  is  5  feet  7  inches.  The  total  area 
of  heating  surface  in  the  superheater  is  600  square 
feet,  which  is  just  1^  square  feet  per  nominal  horse 
power.  The  steam  issues  from  the  boiler  through 
the  stop-yalves  cccc,  enters  the  superheater  through 
the  8top«Talve  a,  and  escapes  through  the  stop- 
valve  b. 
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Another  form  of  superheater  is  shown  in  fig.  4, 
which  is  the  superheater  constructed  by  Messrs. 
Boulton   and  Watt  for  the  steamer  Great  Eastern* 


Fig.K. 


SOPBEHBATIMO   APPARATUS  OP  GkBAT  EaSTBRN,  DY  BoULTON,  WaTT, 

AND  Co.    Ground  FUn. 

This  superheater  consists  of  a  square  chest  placed 
over  the  uptake  at  the  foot  of  the  chimney,  and  filled 
with  vertical  pipes  through  which  the  smoke  passes. 
In  this  case  the  steam, passes  on  the  outside  of  the 
tubes,  whereas  in  most  cases  it  passes  through  the 
tubes  as  shown  in^^.  I. 
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A  oommon  proportion  of  surface  given  to  saper- 
heaters  is  4  square  feet  per  nominal  horse  power. 
Bat  this  is  quite  too  much,  and  1^  square  feet  per 
nominal  horse  power  is  sufficient  As,  however,  the 
nominal  horse  power  is  so  indefinite  a  quantity  as 
regards  the  boiler,  it  will  be  preferable  to  fix  the 
surface  of  the  superheater  at  *3  square  feet  per  cubic 
foot  of  water  evaporated.  It  is  of  course  necessary 
to  be  careful  in  introducing  superheaters  not  to  con- 
tract the  area  for  the  ascent  of  the  smoke  up  the 
chimney,  which  should  be  left  quite  as  large  as 
before. 

HIGH  PBESSUBE,  EXPAKSION,   AND    SUBFACE 
CONDENSATION. 

The  use  of  a  high-pressure  of  steam  worked  ex- 
pansively is  now  beginning  to  acquire  general  accep- 
tation in  every  class  of  engines ;  but,  in  steam  ves- 
sels, the  use  of  steam  of  any  considerable  pressure 
involves  the  necessity  of  employing  surface  conden- 
sers»  so  that  the  boilers  may  be  fed  with  fresh  water, 
as  where  salt  water  is  used  there  is  always  the  risk 
of  salting ;  and  if  a  boiler  with  a  high-pressure  of 
steam  were  to  be  salted  up,  so  as  to  become  red  hot, 
it  would  probably  burst.  I  have  long  discerned  the 
importance  of  this  combination  for  the  purposes  of 
steam  navigation ;  and  in  1838  I  took  out  a  patent 
for  using  high-pressure  steam  expansively  in  steam 
vessels,  in  which  plan  the  feature  of  external  con- 
densation was  introduced.  The  boiler  proposed  to 
be  used,  and  which  was  practically  constructed  by 
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me  at  that  time,  was  a  cylindrical  one,  and  it  was 
trav^ersed  bj  brass  tubes  2^  inches  in  diameter,  being 
the  first  example,  so  far  as  I  am  aware,  of  a  tubular 
boiler  like  that  of  a  locomotive  applied  to  the  pur- 
poses of  steam  navigation.  The  steam  was  pro- 
posed to  be  used  expansively,  and  was  cut  off  by  a 
slide  valve  formed  of  two  moveable  plates  worked 
on  the  back  of  the  common  slide  vsdve ;  and  the 
degree  of  expansion  was  regulated  by  a  right  and 
left-hand  screw,  which  drew  the  plates  nearer  to- 
gether, or  separated  them  wider  apart,  according  as 
much  or  little  expansion  was  desired.  The  spindle 
on  which  the  screws  were  cut  passed  through  a 
stuffing-box,  and  was  armed  at  the  top  with  a  small 
wheel,  by  turning  which  the  amount  of  the  expan- 
sion was  determined.  This  was  the  first  example,  I 
believe,  of  a  class  of  expansion  valve  much  employed 
by  Meyer  of  Vienna  and  many  other  Continental  en- 
gineers, and  which  indeed  has  now  come  into  ex- 
tensive use  both  abroad  and  at  home. 

The  steam  under  the  arrangement  recited  was 
proposed  to  be  condensed  by  being  sent  through  a 
number  of  small  copper  tubes  immerged  in  cold 
water.  This  method  of  condensation  had  been  ori- 
ginally employed  by  Watt,  but  was  dismissed  by  him 
on  account  of  the  cumbrous  nature  of  the  apparatus 
it  involved,  without  conferring  compensating  benefit ; 
and  it  was  afterwards  revived  by  Samuel  Hall,  about 
1835,  as  an  expedient  for  rendering  marine  boilers 
less  subject  to  rapid  decay  than  at  that  time  they 
were  found  to  be.  But  as  Hall's  condenser  was  not 
found  to  increase  the  durability  of  the  boilers,  it 


PBOPSB  TALUB  OF   SUBFAGE   CONDENSATION.     15 

was  discarded  as  an  unserviceable  innovation,  which 
would  hardly  have  been  its  fate  if  it  had  been  com- 
bined with  the  use  of  high  pressure  steam,  and  if  it 
had  been  shown  that  its  emplojipent  was  necessary 
to  enable  high  pressure  steam,  with  its  concomitant 
benefits,  to  be  applicable  with  safety.  For  many 
years,  however,  there  was  a  marvellous  apathy  among 
the  proprietors  of  steam  engines  regarding  the  con- 
sumption of  fael,  except  in  Cornwall,  where  the 
system  which  prevailed  of  ascertaining  and  publish- 
ing the  consumption  of  a  great  number  of  engines 
induced  corresponding  emulation  and  improvement. 
But  the  conviction  has  at  length  dawned  upon  us 
that  in  the  case  of  all  processes  requiring  a  large 
expenditure  of  power,  and  especially  in  the  case  of 
steani  navigation,  the  difference  l>etween  a  large  and 
small  consumption  of  fael  is  so  momentous  that  it 
may  determine  the  success  or  fiulure  of  the  specula- 
tion ;  and  surface  condensation  is  now  very  properly 
regarded  not  as  a  primary  source  of  gain,  but  as  an 
expedient  for  saving  fuel  by  enabling  steam  of  a  high 
pressure  to  be  used  in  steam  vessels  with  safety.  The 
surface  condensers  are  nearly  in  all  cases  formed  with 
small  brass  or  copper  tubes,  and  these  tubes  are 
sometimes  drawn  out  of  the  solid,  and  sometimes 
formed  out  of  brass  or  copper  sheets  brazed.  The 
tubes  with  the  brazed  joints  are,  on  the  whole,  the 
best,  as  in  the  drawn  tubes  the  smallest  speck  in  the 
metal  is  drawn  out  or  elongated  into  a  crack ;  and 
such  tubes  are  consequently  more  liable  to  split.  In 
some  cases  the  water  is  sent  through  the  tubes  and  in 
other  cases  the  steam;  but,  on  the  whole,  the  best 
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practice  is  to  send  the  water  through  the  tubes ;  and 
the  steam  should  enter  at  the  opposite  side  from  the 
water,  so  that  the  hottest  steam  may  meet  the  hottest 
water.  The  proportion  of  condensing  surface  com- 
monly allowed  for  each  nominal  horse  power  varies 
from  12  to  18  square  feet,  and  some  engineers  main- 
tain that  there  should  be  as  much  cooling  surface  in 
the  condenser  as  there  is  heating  surface  in  the 
boiler — a  conclusion  from  which  I  dissent  altogether. 
I  believe  that  10  square  feet  per  nominal  horse  power 
would  be  more  than  sufficient  in  all  ordinary  case^, 
if  the  surface  were  properly  disposed,  and  a  rapid 
circulation  of  the  refrigerating  water  were  main- 
tained ;  and  indeed  in  a  really  well-constructed  con- 
denser, employing  a  small  jet,  I  feel  persuaded  that 
1  square  foot  of  condenser  surface  for  each  cubic 
foot  evaporated  from  the  boiler  would  be  sufficient. 
The  main  condition  of  efficiency  in  condensers  is  the 
maintenance  of  a  very  rapid  circulation  of  water 
through  the  tubes.  The  usual  arrangement  is  to  place 
the  tubes  horizontally  in  a  square  box,  and  to  bring 
in  the  water  at  the  bottom  of  the  box,  and  the  steam 
at  the  top.  The  water  frequently  passes  through 
one-third  of  the  tubes  at  first,  and  is  then  returned 
through  another  third  lying  immediately  above,  and 
finally  through  the  third  portion,  so  that  the  hottest 
water  meets  the  entering  steam.  But  in  scarcely  any 
condenser  is  the  circulation  rapid  enough,  and  it  is 
much  better  to  have  a  little  more  area  in  the  circu- 
lating pump,  which  will  save  surface'  in  the  con- 
denser. 

In  Hall's  condensers  a  good  deal  of  trouble  was  at 
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first  experienced  from  the  tallow  supplied  to  the 
piston  and  stuffing  boxes  being  distilled  over  with 
the  steam  and  concreting  in  the  tubes,  so  as  to  choke 
them  ap ;  and  in  consequence  of  this  occurrence  oil 
was  finally  used  for  the  pistons  and  stuffing  boxes 
instead  of  tallow.  The  same  inconvenience  has  re- 
curred in  some  of  the  recent  surface  condensers  ;  and 
in  engines  furnished  with  such  condensers  it  appears 
advisable  to  use  oil  instead  of  tallow,  and  also  to  use 
as  little  of  it  as  possible.  It  is  further  advisable  to 
feed  the  oil  to  the  stuffing  boxes  and  pistons  con- 
tinuously, bj  some  such  arrangement  as  it  is  fed  to 
the  bearings  by,  as  the  necessary  amount  of  lubrica- 
tion will  be  thus  given  with  the  least  oil. 

Where  hot  steam  is  emplojred  in  jacketed  engines, 
and  much  tallow  is  introduced,  it  is  found  that  the 
tallow  is  decomposed,  and  carbonises  the  piston ;  so 
that  after  a  time  the  piston  becomes  like  a  piece  of 
plumbago,  or  like  cast  iron  which  has  been  long 
immersed  in  sea  water,  and  which  finally  becomes  so 
^ft  that  it  may  be  cut  by  a  knife.  It  is  further  found 
that  instead  of  the  surface  condensers  conducing  to 
the  durability  of  the  boilers,  they  have  the  very 
reverse  operation,  and  that  it  is  necessary  to  in* 
troduce  a  certain  proportion  of  salt  water  from  the 
sea  to  prevent  the  boilers  from  being  rapidly 
destroyed.  Not  only  is  the  grease  from  the  engine 
carried  into  the  tubes  of  the  condenser,  but  a  certain 
proportion  of  it  passes  into  the  boiler;  and  the 
verdigris  formed  by  the  action  of  the  grease  upon  the 
brass  or  copper  tubes  also  distils  over  and  attacks  the 
surface  of  the  iron  within  the  boiler,  so  that  in  a  short 

0 
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time  it  is  eaten  into  pits  and  indentations,  and 
becomes  covered  with  an  efflorescence  of  red  rust. 
The  presence  of  pieces  of  zinc  within  the  boiler  would 
probably  hinder  or  retard  this  action ;  but  the  best 
antidote  appears  to  be  the  introduction  of  a  small  jet 
of  salt  water  into  the  condenser,  which,  if  em- 
ployed while  the  boiler  is  still  new,  will  have  the 
effect  of  covering  the  flues  with  a  thin  enamel  of 
scale.*  There  should  be  no  means  of  shutting  off 
any  of  the  surplus  water  thus  introduced ;  but  the 
surplus  should  escape  spontaneously  when  the  level 
becomes  too  high.  The  application  of  such  a  jet,  more- 
over, will,  if  judiciously  made^  enable  the  refrigeratory 
surface  of  the  tubes  to  be  very  much  reduced,  as  the 
tubes  will  only  be  required  to  condense  the  hotter 
part  of  the  steam,  while  the  vapour  may  be  condensed 
by  the  supplementary  jet,  if  it  is  introduced  at  the 
proper  place. 

The  introduction  of  surface  condensers  into  ocean 
vessels  performing  long  voyages  has  revealed  many 
weaknesses  of  the  system  which  are  no  doubt  super* 
able.  But  the  conviction  arises  that  the  remedy  may 
come  too  late ;  and  it  is  exceedingly  doubtful  whether 
surface  condensers  will  succeed  in  maintaining  the 
ground  they  at  present  occupy.  The  experience  of 
the  corrosive  action  of  such  condensers  on  the  boilers 


*  New  boilers  shonld  be  worked  wholly  with  salt  water  at 
first,  until  a  scale  forms  upon  them.  The  sulphate  of  lime  in 
sea  water  is  deposited  at  the  temperature  due  to  the  pressure  of 
three  atmospheres  without  any  concentration  at  all;  so  that  with 
high-pressure  steam  in  boilers  u^-ing  salt  water,  the  more  blow- 
ing-off  there  is,  the  mure  deposit  there  will  be. 
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is  nniversal ;  and  in  some  cases,  where  the  boiler  has 
been  worked  with  salt  water  after  the  corrosive  action 
had  set  in,  the  scale  purposely  produced  from  the  salt 
water  could  not  be  got  to  adhere  solidly  to  the  iron, 
bnt  when  struck  it  fell  off  in  flakes,  revealing  a  thick 
coating  of  rust  below.  In  such  cases  it  has  been 
found  advisable  to  beat  off  all  the  rust  and  scale,  and 
to  coyer  the  interior  of  the  boiler  with  a  thin  coating 
of  Scott's  cement ;  after  which  it  was  found  that  the 
scale  would  permanently  adhere.  The  water  of 
boilers  using  surface  condensers  becomes  in  time  of  a 
bluish  hue — a  phenomenon  due  partly  perhaps  to  the 
carbonisation  of  the  oil  or  tallow  which  the  water  re- 
sulting from  the  condensation  brings  into  the  boiler 
with  it,  and  partly  to  the  distilled  verdigris.  I  see 
no  reason  to  doubt  that  practical  objections  such  as  I 
have  here  enumerated,  which  are  the  natural  incidents 
of  all  innovation,  will  in  time  be  surmounted.  But  I 
am  not  equally  confident  that  the  time  for  surface 
condensation  has  not  gone  by.  Thirty,  or  even  twenty 
years  ago^  the  practical  establishment  of  the  system  in 
connexion  with  high  steam  and  expansive  action,  would 
have  been  a  practical  benefit.  But  the  method  I  have 
since  suggested  for  maintaining  any  desired  amount  of 
freshness  in  the  water  of  the  boiler  without  any  mate- 
rial  waste  of  heat  in  blowing  of£,  constitutes  an  altema* 
live  method,  which,  by  conferring  most  of  the  benefits 
of  surface  condensation  without  the  evils,  subverts  the 
ground  on  which  the  system  of  external  condensation 
rests,  so  that,  like  many  other  tardy  realisations,  it  now 
comes  loo  late.  The  sulphate  of  lime  may  be  ob- 
itracted  by  filtration  or  deposition  in  a  separate  vessel 
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heated  to  the  temperature  reqaired,  to  ensure  the 
separation  of  the  lime. 

When  surface  condensers  are  used,  it  is  the  best 
arrangement  with  reciprocating  pumps,  to  draw  the 
water  through  the  tubes,  rather  than  to  force  it 
through.  The  circulation  should  be  very  rapid,  and 
all  the  arrangements  should  be  such  as  to  enable  the 
condenser  to  be  converted  at  once  into  an  ordinary 
condenser,  should  any  circumstance  occur  to  render 
the  transformation  advisable.  In  America  a  form  of 
condenser  is  sometimes  used  in  which  there  is  a 
vacuum  both  within  and  without  the  tubes,  under 
which  arrangement  the  tubes  may  be  very  thin,  as 
there  is  no  pressure  upon  them. 

The  tubes  of  surface  condensers  are  usually  half  or 
five-eighths  of  an  inch  in  diameter,  and  from  five  to 
seven  feet  long.  But  it  is  better  to  make  them  shorter 
and  larger  in  diameter.  They  are  sometimes  fixed 
in  with  a  brass  screw — ^with  a  linen  washer  below,  so 
as  to  form  a  gland  at  the  end  of  each  tube — the 
screw  being  screwed  into  the  tube  plate ;  and  at  other 
times  the  whole  end  of  the  barrel  or  case  containing 
the  tubes  is  covered  with  a  sheet  of  india  rubber, 
perforated  to  let  the  tubes  through,  and  with  a  metal 
plate,  similarly  perforated  but  with  somewhat  smaller 
holes,  screwed  down  on  the  india  rubber.  This  last 
is  the  simplest  arrangement^  and  it  is  now  widely 
adopted. 

The  species  of  condenser  proposed  by  me  as  a  sub- 
stitute for  surface  condensers,  consists  of  a  common  con- 
denser fitted  with  two  jet«,  one  of  which  is  placed  in  the 
eduction  pipe,  or  very  high  up  in  the  condenser ;  and 
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tbe  Other  about  the  centre  of  the  condeziser.  The 
water  which  enters  by  the  highest  jet,  and  which  the 
steam  first  encounters^  is  not  sufficient  fully  to 
condense  the  steam,  but  is  itself  heated  to  the  boiling 
point — ^in  which  state  it  is  withdrawn  to  feed  the 
boiler ;  and  this  boiling  feed,  being  in  excess  of  the 
requirements  of  the  boiler,  and  being  purposely  so 
arranged  that  it  cannot  be  shut  off,  involves  the  ne- 
cessity of  a  large  amount  of  continuous  blowing  off. 
It  is  obvious  that  in  this  arrangement  the  ordinary  jet 
will  condense  the  residue  of  the  steam  not  condensed 
by  the  first  jet,  and  will  maintain  the  vacuum  at  the 
proper  point ;  and  this  will  be  done  with  less  condens- 
ing water  than  usual,  as  if  some  of  the  water  is  with- 
drawn very  hot,  there  will  be  less  heat  remaining  to  be 
abstracted  by  the  rest  Even  in  surface  condensers  it 
would  be  advisable  to  heat  the  feed  water  by  injecting 
it  into  the  steam  entering  from  the  eduction  pipe 
before  sending  it  into  the  boiler,  as  there  is  a  manifest 
loss  by  sending  the  feed  water  into  the  boiler  very 
cold,  and  probably  a  very  small  surface  condenser 
with  supplementary  jet  is  the  best  arrangement  in 
engines  using  high  steam. 

In  some  engines  the  circulation  of  the  refrigera- 
tory water  through  the  condenser  is  maintained  by  a 
common  double-acting  pump;  and  in  other  engines 
the  circulation  is  maintained  by  a  centrifugal  pump, 
driven  in  some  cases  by  a  separate  small  engine,  and 
in  other  cases  by  gearing.  In  some  arrangements 
the  ordinary  air  pump  of  one  of  the  engines  is  used 
as  a  circulating  pump  for  both  of  the  engines,  and 
the  air  pump  of  the  other  engine  is  used  as  an  air 
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pump  for  both  the  engines.  When  a  centrifugal 
pump  is  used,  it  appears  to  be  the  best  arrangement 
to  drive  it  bj  a  separate  donkey  engine,  the  speed  of 
which  may  be  varied  as  desired,  and  which  engine 
may  also  be  made  to  drive  the  supplementary  feed 
and  bilge  pumps. 

The  question  of  the  most  eligible  method  of  work- 
ing steam  expansively,  especially  in  steam  vessels^ 
has  now  become  of  much  interest ;  and  various  forms 
of  double  cylinder  engines  have  been  put  forth,  pro- 
fessing to  satisfy  the  conditions  of  the  problem.  But 
it  may  safely  be  asserted,  that  for  all  pressures  em- 
ployed in  the  ordinary  class  of  existing  steam  vessels, 
engines  of  the  common  single  cylinder  type  are  as 
efficient  as  any  other ;  and  in  practice  such  engines 
are  found  to  work  quite  as  economically  as  engines 
with  any  greater  number  of  cylinders,  while  they 
are  manifestly  simpler  in  construction.  The  first 
question  that  presses  for  solution  in  the  case  of  steam 
vessels  is,  what  kind  of  boilers  shall  be  used  that 
will  be  strong  enough  to  withstand  a  high  pressure 
of  steam  with  safety ;  seeing  that  the  ordinary  marine 
boilers  at  present  employed  are  quite  too  weak  for 
higher  pressures  than  those  which  they  are  at  pre- 
sent constrained  to  bear.  For  pressures  up  to  30 
or  40  lbs.  per  square  inch,  engines  of  the  common 
type,  with  a  length  of  stroke  equal  to  the  diameter  of 
the  cylinder,  will  answer  very  well.  But  if  the 
pressure  be  raised  to  60  or  70  lbs.  per  square  inch^ 
it  will  be  advisable  to  double  the  length  of  the  stroke 
and  halve  the  area  of  the  piston ;  so  that  the  maxi- 
mum pressure  on  the  piston  will  only  be  the  same 
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as  before,  but  the  velocitj  of  its  motion  will  be 
doubled.  In  this  increase  of  the  velocity  of  the 
piston,  there  will  be  no  disadvantage  if  the  momen- 
tum be  balanced  by  suitable  counterweights  attached 
to  the  cranks,  and  if  the  cylinder  ports  are  made  as 
large  for  the  long  and  narrow  cylinder  as  for  the 
short  and  wide  one.  If  such  pressures  be  employed 
as  150  or  200  lbs.  per  square  inch,  it  may  be  proper 
to  introduce  double  cylinder  engines.  But  the  use 
of  a  long  stroke  is  tantamount  to  the  employment  of 
doable  cylinders,  in  so  far  as  it  reduces  the  maximum 
pressure  on  the  piston ;  and  it  is  proper  to  exhaust 
the  resources  of  single  cylinder  engines  by  suitably 
modifying  the  proportions  to  answer  the  intended 
amount  of  expansion,  before  entering  on  the  ineligible 
complication  of  a  multiplication  of  the  number  of 
cylinders.  All  engineers  perfectly  well  know  that 
the  gain  in  power  producible  by  a  given  amount  of 
expansion  is  equally  attained  whether  such  expansion 
is  accomplished  in  one  cylinder  or  in  fifty.  But  the 
more  cylinders  there  are,  the  more  equable  will  the 
pressure  be  made  throughout  the  stroke— at  the  same 
time  that  there  will  be  greater  complication.  The 
equalisation  of  the  pressure,  however,  may  be  pro- 
moted  by  increasing  the  length  of  the  stroke,  which 
is  a  simpler  expedient  than  increasing  the  number  of 
cylinders;  and  in  steam  vessels  great  equality  of 
the  pressure  is  not  important^  while  in  land  engines 
it  may  be  attained  to  any  desired  extent  by  in- 
creasing the  weight  and  swiftness  of  the  fly-wheel. 
I  no  not  by  any  means  object  to  double  cylinder 
engines  in  toto.    I  only  say  that  they  should  not  be 
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introduced  for  nothing ;  and  if  they  are  introduced, 
such  an  increased  pressure  of  steam  should  be  intro- 
duced simultaneously  as  will  afford  fair  compen- 
sation and  proper  warrant  for  the  increased  compli- 
cation which  the  innovation  involves. 


COMBINED  SCREW  AND  PADDLE   ENGINES. 

In  1850,  when  it  became  important  to  accelerate 
the  speed  of  a  fleet  of  paddle  vessels,  I  suggested  a 
method  of  accomplishing  the  required  acceleration, 
without  disturbing  the  existing  engines,  by  the  appli- 
cation of  an  independent  higb*pressure  engine  in 
each  vessel,  which  was  to  drive  a  screw  placed  at  the 
stern  ;  and  the  steam  from  this  high-pressure  engine 
was  subsequently  to  pass  to  the  paddle  engines,  and 
to  drive  them  with  the  same  pressure  as  that  to 
which  they  had  previously  been  subjected.  This 
arrangement  was  virtually  that  of  a  double  cylinder 
engine,  for  the  steam  was  used  twice  over;  and 
although  the  complication  was  greater  than  it  might 
have  been  advisable  to  incur  in  new  engines,  it  was 
excusable  under  the  circumstances,  as  it  afforded  the 
means  of  accomplishing  the  desired  acceleration  with 
the  least  disturbance  of  the  existing  arrangements, 
and  also  at  a  trifling  expense.  I  reckoned  that  eacli 
vessel,  when  laden  for  her  intended  voyage,  after 
having  been  fitted  with  the  auxiliary  engine,  would 
have  been  lighter  than  before;  as,  although  the 
weight  of  the  machinery  would  have  been  greater, 
the  weight  of  the  coals  would  have  been  less.  By 
this  expedient  the  power  might  have  been  nearly 
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doubled  without  anj  increased  consumption  of  coal 
per  hour ;  and  as  bj  doubling  the  power,  the  speed 
would  have  been  rendered  one-fourth  greater,  almost 
one-fourth  of  the  coal  would  have  been  saved  on  the 
voyage. 

In  1852  the  foregoing  suggestion  was  published  in 
my  *  Treatise  on  the  Screw  Propeller,'  and  shortly 
afterwards  it  was  announced  that  the  Great  Eastern 
was  to  be  propelled  by  paddles  and  a  screw.  I  do 
not  recommend  the  plan  for  new  vessels.  But  I  con- 
sider the  introduction  of  a  duplicate  high-pressure 
engine,  with  a  separate  propeller,  to  be  the  most 
eligible  means  of  accelerating  old  vessels,  whether 
paddles  or  screws.  In  paddle  vessels  a  single  direct- 
acting  high-pressure  engine  driving  a  screw — ^which 
may  be  placed  outside  the  rudder  as  in  Beattie's  plan 
— the  steam  from  this  engine  passing  subsequently 
to  the  paddle  engines  and  driving  them — is  an  ar- 
rangement that  is  cheap,  easily  applicable,  and  cer- 
tain to  be  effective.  In  screw  vessels  a  single  high- 
pressure  paddle  engine  may  in  like  manner  be  set  to 
drive  a  pair  of  paddles;  and  the  steam  from  this 
engine  would  drive  the  ordinary  screw  engines  as 
effectively  as  if  they  were  supplied  with  steam  direct 
from  a  low-pressure  boiler.  I  believe  that  this  form 
of  the  double  cylinder  engine  is  likely  to  be  intro- 
duced in  all  cases  in  which  it  is  considered  desirable  to 
obtain  more  speed  in  existing  vessels  with  less  coals. 

MODERN  FORMS  OF  SCREW  ENGINES. 

Greared  engines  for  driving  the  screw  have  now 
practically  gone  out,  as  I  have  long  foreseen  would 
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be  the  case;  and  the  species  of  horizontal  steeple 
engine  of  some  such  constraction  as  that  described 
at  page  433  of  mj  Catechism  of  the  Steam  Engine, 
and  recommended  in  the  early  editions  of  that 
work,  is  now  the  species  of  screw  engine  employed 
by  the  most  eminent  constructors.  The  class  of 
engines  called  *  Forge  Hammer  Engines,'  in  which 
two  or  more  inverted  cylinders  are  raised  high  upon 
framing,  and  the  connecting  rod  engages  the  crank 
beneath,  is  still  used  by  some  makers  ;  and  in  many 
cases — and  especially  if  the  engines  are  of  no  great 
dimensions — they  have  been  found  to  work  very 
satisfactorily.  But  on  the  whole,  the  horizontal 
steeple  engine  is  preferred  ;  and  some  class  or  other 
of  horizontal  direct  acting  engine  is  now  used  by 
Messrs.  Penn,  Maudslay,  Ravenhill,  Napier,  Rennic, 
and  indeed  by  all  the  most  eminent  engineers.  A 
little  further  on  I  will  give  illustrations  of  some  of 
the  best  existing  examples  of  screw  engines. 

ON  BALANCING  THE  MOMENTUM  OF  ENGINES. 

The  application  of  balance  weights  to  the  cranks  of 
direct-acting  screw  engines,  is  now  a  very  general 
practice ;  and  it  is  found  to  conduce  to  the  easy  and 
steady  working  of  the  engines  in  a  very  marked 
manner.  This  application  was  first  made  by  myself; 
and  I  took  out  a  patent  for  the  improvement  in  lb62, 
at  which  time  I  constructed  some  screw  engines  that 
were  thus  fitted.  Mr.  Penn  shortly  aflberwards  ap- 
plied similar  counterweights  to  the  engines  of  the 
Himalaya^  and  since  that  time  these  counterweiglits 
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have  been  very  generally  introduced.  It  was  found 
in  the  Himalaja,  that  without  the  counterweights, 
the  engines  gave  a  most  uneasy  motion  to  the  vessel, 
and  also  worked  with  great  tremor  and  jolting ; 
whereas  when  the  counterweights  had  been  applied, 
these  injurious  features  of  the  rapid  reciprocation  of 
the  engines  were  removed. 

The  principle  on  which  the  size  of  the  counter- 
weights should  be  adjusted  to  the  wants  of  the  engine, 
is  of  very  easy  apprehension.  If  the  centre  of  gyra- 
tion of  the  counterweights  describes  a  circle  of  the 
same  radius  as  that  described  by  the  crank  pin,  then 
the  counterweights  must  just  be  as  heavy  as  the 
piston,  and  all  the  parts  which  move  with  it.  But  if 
the  centre  of  gyration  of  the  counterweights  has  a 
greater  radius  than  the  crank  pin,  the  counterweights 
mast  weigh  less  than  the  piston  and  its  connections, 
and  if  it  has  a  less  radius,  they  must  weigh  more — the 
only  material  condition  being  that  the  momentum  or 
amount  of  mechanical  power  resident  in  the  counter- 
weights when  moving  in  one  direction,  shall  balance 
the  momentum  of  the  piston  and  its  connections  when 
moving  in  the  opposite  direction,  and  which  weight 
may  be  supposed  to  be  collected  in  the  crank  pin. 


MARINE   GOVERNORS. 

All  marine  engines,  but  especially  screw  engines, 
are  liable  to  sudden  fluctuations  of  velocity  from  the 
varying  immersion  of  the  propeller  in  a  rough  sea ; 
and    the  necessity  of  employing   some  species  of 
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governor  to  redress  these  irregularities,  has  long  been 
perceived.  The  common  form  of  engine  governor 
that  is  used  in  land  engines  is  obviously  inapplicable 
to  such  a  purpose,  as  the  balls  would  open  and  close 
by  the  heaving  of  the  ship ;  and  various  kinds  of 
marine  governors  have  been  proposed  to  satisfy  the 
want,  of  which  the  first,  so  far  as  I  am  aware,  was 
invented  hy  myself  in  1834,  and  applied  to  the  Don 
Juan  steamer  in  1836.  This  governor  was  formed 
with  balls  similar  to  those  of  a  common  governor ; 
and  it  stood  on  a  cross  stay  extending  between  the 
engines,  which  were  of  the  side  lever  construction, 
and  was  driven  by  a  bevel  wheel  on  the  intermediate 
shaft,  which  wheel  gave  motion  to  a  bevel  pinion 
placed  on  the  top  of  the  governor  spindle,  which 
stood  in  a  vertical  position  beneath  the  intermediate 
shaft.  Upon  the  spindle,  near  its  lower  end,  was 
fixed  a  strong  transverse  bar ;  and  on  this  bar  the 
balls  were  strung,  one  ball  being  on  each  side  of  the 
vertical  spindle.  The  balls  were  capable  of  being 
moved  in  or  out  on  the  transverse  bar,  but  when  the 
engine  was  at  rest,  they  were  retained  in  contact 
with  the  spindle  by  a  great  plate  spring,  one  side 
of  which  embraced  a  collar  or  neck  formed  on  each 
ball.  When,  however,  the  spindle  was  put  into  re- 
volution, the  centrifugal  force  of  the  balls  overcame 
the  tension  of  the  spring  to  an  extent  corresponding 
to  their  velocity;  and  the  outward  motion  of  the 
balls  acted  upon  the  throttle  valve  by  a  connection 
similar  to  that  usual  in  land  engines,  and  which  was 
moreover  of  such  a  nature,  that  the  rolling  or  pitch- 
ing of  the  ship,  if  it  affected  one  ball,  would  also  affect 


TARIOrS  FORMS  OF  UABINE  GOVERNORS.    29 

the  other  in  an  equal  and  opposite  manner,  so  as  to 
afford  mutaal  compensation  and  extinguish  the  effect 
of  the  ship  altogether.  There  was  in  these  engines 
a  throttle  valve  in  the  injection  pipe,  as  well  as  in 
the  steam  pipe,  and  the  balls  were  made  14  inches  in 
diameter,  in  order  that  they  might  have  adequate 
power  to  overcome  the  friction  of  the  parts,  without 
requiring  any  great  change  of  velocity  to  give  the 
requisite  centrifugal  force.*  Latterly,  a  marine 
governor  called  Silver's  governor,  and  another  called 
Porter's  governor,  both  operating  on  the  same  prin- 
ciple as  the  foregoing,  have  been  put  forth.  But  the 
species  of  governor  at  present  most  employed  in 
steam  vessels,  and  which  is  known  as  Silver's  fly- 
wheel governor,  consists  of  a  wheel  like  a  small  fly- 
wheel driven  by  a  belt  and  with  vanes  like  those  of  a 
fan  fixed  upon  it,  so  that  its  revolution  occasions  a 
certain  resistance.  The  driving  pressure  is  trans- 
mitted through  a  spring,  the  tension  of  which  measures 
the  amount  of  the  rotative  resistance,  and  if  the 
speed  of  the  engine  is  constant,  this  tension  is  con- 
stant also.  If,  however,  the  speed  of  the  engine 
is  increased,  the  tension  of  the  spring  will  be  in- 
creased, and  if  the  sp^ed  of  the  engine  is  diminished, 
the  tension  of  the  spring  will  be  diminished ;  and 
these  differences  of  tension  are  made  to  act  on  the 
throttle  valve,  and  regulate  the  speed  of  the  engine. 

*  I  had  models  of  several  other  kinds  of  governors  con- 
stractedf  in  some  of  which  there  were  four  arms,  and  the  balls 
compressed  spiral  springs.  But  onlj  one  example  was  practi- 
cally introdaced  into  a  vessel  bj  me,  and  as  the  vessel  was  lost 
shOTtly  afterwards,  this  example  was  not  mnch  known. 
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In  practice,  Silver's  flj-wbeel  ^overaor  is  found  to 
act  in  a  perfectly  satisfactory  manner,  and  these 
governors  have  now  been  largely  introduced. 

BALANCED  VALVES. 

The  three-ported  valve,  or  that  variety  of  it  called 
the  gridiron  valve,  is  the  kind  of  valve  generally  used 
in  every  species  of  engine :  and  in  all  marine  engines 
of  any  considerable  size,  the  pressure  is  taken  off  the 
face  of  the  valve  by  some  suitable  equilibrium  ar- 
rangement applied  at  the  back.  The  arrangement 
most  usually  adopted  consists  in  the  application  of  a 
ring  recessed  in  a  groove  at  the  back  of  the  valve, 
which  ring  moves  steam-tight  upon  the  back  of  the 
valve  casing ;  and  within  this  ring  a  vacuum  is  main- 
tained by  opening  a  communication  between  the 
space  encircled  by  the  ring  and  the  condenser.  The 
practice  of  taking  off  the  pressure  by  an  arrangement 
of  this  kind  originated  with  Messrs.  Penn,  who 
instead  of  a  ring  used  at  first  a  square  frame.  But 
this  apparatus  was  difficult  to  construct ;  and  it  was 
consequently  superseded  by  the  ring,  which  was  in- 
troduced by  Mr.  Edward  Humphrys,  to  whom  the 
steam  engine  is  indebted  for  various  improvements. 
In  both  Messrs.  Penn's  and  Humphrys'  arrange- 
ments, however,  the  ring  is  placed  in  a  recess  on  the 
back  of  the  valve,  and  moves  with  it  But  in  some 
engines  drawn  out  under  my  direction  in  1858  by 
Mr.  Edward  Cooper,  the  ring  was  recessed  in  the 
back  of  the  valve  casing,  and  the  back  of  the  moving 
valve  worked  steam-tight  against  this  stationary  ring. 
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Hiis  method  of  constractioa  is  now  coming  into 
general  use ;  and  it  is  preferable  to  the  other  method, 
as  the  ring,  being  stationary,  is  always  accessible, 
so  that  it  may  be  tightened  up  when  the  engine  is 
going,  whereas  under  Messrs.  Penn's  arrangement,  the 
engine  most  be  stopped,  and  the  steam  shut  off,  before 
the  screws  which  tighten  the  ring  can  be  approached 
at  all.  The  ring  which  mbs  upon  the  back  of  the 
valve  may  be  of  cast  iron  or  brass ;  and  above  it  is 
usually  placed  a  ring  of  India  rubber,  and  above  that 
again  a  malleable  iron  ring,  on  which  last  ring  the 
points  of  the  tightening  screws  press.  The  whole  of 
these  rings  are  sunk  in  a  recess  cast  In  the  door  which 
covers  the  back  of  the  valve  casing ;  so  that  the  cast 
iron  or  brass  ring  rises  only  a  little  way  above  the 
inner  surface  of  the  door.  The  back  of  the  valve  is 
planed  true,  and  is  sufficiently  elongated  for  a  portion 
of  it  to  fall  at  all  times  within  the  ring,  notwithstand- 
ing the  travel  of  the  valve.  An  example  of  the 
ordinary  gridiron  slide  with  ring  at  the  back  for 
taking  off  the  pressure  is  shown  in^.  5,  which  is  a 
representation  of  the  section  of  one  of  the  valves  of  the 
screw  engines  of  the  Great  Eastern. 

LINK  MOTION. 

This  contrivance  for  giving  motion  to  the  valves  is 
now  employed  in  nearly  every  class  of  engines.  It 
was  brought  out  and  applied  to  locomotives  by  Mr. 
Robert  Stephenson  in  1843,  and  was  first  applied  to 
marine  engines  by  Mr.  Edward  Humphrys.  In  a  form 
of  the  link  motion  constructed  by  me  in  1836,  only 
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one  eccentric  was  employed,  which  gave  motion  to  a 
double-ended  lever  in  which  a  slot  was  made  nearly 
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from  end  to  end.  In  this  slot  the  pin  was  placed 
which  communicated  with  the  valve  rod;  and  bj 
moving  this  pin  along  in  the  slot,  which  was  done  hy 
appropriate  mechanism,  the  engine  was  stopped  or 
reversed,  and  any  desired  amount  of  expansion  was 
accomplished.  The  defect  of  this  arrangement  was, 
that  it  did  not  reverse  the  lead  in  reversing  the 
engine.  But  in  most  cases  an  imperfect  action  of  the 
valve  when  the  engine  is  moving  backward  is  not 
Tcrj  material,  seeing  that  it  is  only  in  rare  cases  that 
tlie  engine  is  required  to  work  backward  for  any 
considerable  length  of  time ;  and  the  arrangement  is 
simpler  than  the  species  of  link  motion  now  in  common 
use. 

STABTIKG  CYLINDERS. 

In  the  larger  class  of  marine  engines  the  links  are 
now  very  generally  moved  by  means  of  a  separate 
cylinder  and  piston  devoted  to  the  special  purpose  of 
moving  the  starting  gear.  The  starting  cylinder 
employed  in  the  steamers  Ulster  and  Munster  is 
shown  in^.  6.  The  links  of  both  engines  are  raised  or 
lowered  simultaneously  by  rods  connecting  them  with 
the  cross  head  of  the  small  starting  engine,  which  is 
formed  without  a  crank ;  and  the  piston  rod  is  made 
hollow,  with  a  screw  working  in  it,  which  screw  may 
be  turned  by  the  hand  wheel  shown  at  the  top  of  the 
6gure,  if  necessary,  to  assist  the  ascent  or  descent  of 
the  piston.  Such  assistance,  however,  is  seldom  re- 
quired ;  but  on  the  contrary,  the  piston  in  its  ascent 
and  descent  puts  the  wheel  into  revolution,  like  the 
fly  of  a  roasting-jack,  first  in  one  direction  and  then 
d 
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in  the  oUier;  and  anj  jerk,  striking,  or  injurious 
rapidiCj  in  the  motion  of  the  piston  is  thus  prevented. 
The  hand-wheel  is  furnished  with  internal  handles, 
to  enable  the  attendants  io  obtain  a  firm  hold  of  it 
without  entailing  the  danger  of  striking  them  in  its 
rotation ;  and  in  practice  the  apparatus  is  found  to 
work  in  the  most  satisfactory  manner. 

Starting  cylinders  of  this  or  some  analogous  con- 
struction are  now  much  employed  in  all  classes  of 
large  engines.  They  were  first  introduced  by  myself 
in  the  steamer  Don  Juan  in  1836 ;  and  a  drawing  of 
the  engines  of  that  vessel,  in  which  the  starting 
cjlisders  are  shown,  was  published  in  the  first  number 
of  the  'Artizan'  in  1843.  In  1852  I  introduced 
starting  valves,  and  they  are  now  becoming  general. 


SHAFTS  AND  SHAFT  BEABINGS. 

The  shafts  of  important  engines,  such  as  marine 
engines  for  driving  the  screw  propeller,  and  also 
cranked  and  other  axles  of  locomotives,  are  now  fre- 
quently made  of  steel,  which  is  peculiarly  citable 
for  the  formation  of  shafts,  as  its  tensile  and  crushing 
strengths  are  both  very  much  greater  than  those  of 
any  other  known  material  Piston  rods  are  also 
sometimes  made  of  steel.  But  the  benefit  of  the 
practice  is  not  so  conspicuous  in  that  instance ;  and 
in  some  cases  steel  piston  rods  have  been  found  to 
break  more  frequently  than  iron  ones*  It  is  a  good 
practice,  however,  to  convert  the  iron  piston  rods 
into  steel  for  a  certain  depth :  as  the  benefit  is  thus 
da 
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retained  of  the  toughness  of  the  iron  rod,  with  the 
additional  gain  of  the  exemption  from  ruts,  and  the 
high  polish,  of  the  steel  surface.  In  the  case  of  large 
double  cranks  set  at  right  angles — like  those  proper 
for  a  direct-acting  screw  engine — being  formed  of 
steel,  it  is  a  useful  practice  to  join  the  two  portions 
together  by  stout  flanges  placed  in  the  middle  of  the 
length;  as  the  magnitude  of  the  piece  is  thereby 
reduced,  and  the  inconvenience  is  obviated  of  having 
to  produce  so  awkward  a  piece  as  that  of  a  very  large 
shaft  with  two  double  cranks  at  right  angles  formed 
upon  it.  In  the  casting  of  these  shafts,  the  steel  is 
melted  in  crucibles,  and  a  succession  of  persons 
carrying  these  crucibles  from  the  furnace  to  the 
point  where  the  casting  is  made  is  kept  up,  so  that  the 
whole  of  the  mass  of  metal  is  collected  into  the  casting 
in  a  short  time.  After  the  casting  has  been  made,  it 
is  dug  out  of  the  pit,  while  still  red-hot,  and  carried 
to  the  forge  hammer,  where  it  is  beat  and  finished  as 
a  forging.  Even  in  the  best  steel  works,  however, 
the  method  of  forming  such  large  masses  of  steel  is 
still  very  imperfect ;  and  a  complete  reorganisation 
of  the  system  is  necessary,  before  steel  can  be  so 
largely  introduced  for  industrial  purposes  as  it  is 
destined  to  be  at  no  distant  time,  and  to  which  the 
imperfections  of  the  manufacture  now  constitute  the 
only  visible  impediment.  The  same  remark  may  be 
extended  to  the  production  of  articles  of  wrought  iron  ; 
and  in  both  cases  improved  methods  are  not  difficult 
of  perception  which  will  completely  change  the  rude 
and  expensive  systems  at  present  employed. 

The  length  of  the  bearings  of  shafts  running  at  so 
high  a  velocity  as  the  crank  shafts  of  direct-acting 
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screw  engines  is  now  often  made  3  or  3^  times  the 
diameter.      Sometimes  the   bashes   are  lined  with 
soft  metal;  and  the  shaft  where  it  penetrates  the 
vessel  at  the  stern  is  usu- 
ally covered  with  brass,  '^' 
and   the   pipe  it    passes 
through    is    lined    with 
strips   of  wood,   usually 
lignum  vita.     This  me- 
thod,   which  was   Intro- 
daced  by   Mr.  Penn,   is 
represented    in  ^.     7, 
where  a  is  a  brass  bush 
or  covering  which  sur- 
rounds   the   shaft   B,    and    Scrbw  shaft  bearing*;  Than. verse 

which  revolves  with  it.  I'^^^**  *>'  S"^"  ^"°  ^»"  ^^ 
The  cross  section  of  the 

staves,  or  slips  of  wood  surrounding  A,  with  an 
intervening  fillet  of  metal  to  steady  the  wood,  is 
shown  in  the  cut;  and  the  lubrication  is  accom- 
plished by  the  water  which  leaks  through.  For  the 
eyes  of  feathering  paddle  wheels,  wooden  bushes  are 
also  sometimes  employed ;  and  generally  each  bush 
is  formed  by  turning  and  boring  out  a  solid  piece  of 
wood,  but  it  is  found  that  bushes  put  in  in  staves 
answer  as  well.  Heretofore  lignum  vita  was  the 
wood  generally  used  for  these  bushes.  But  it  has 
now  been  found  that  African  oak  answers  as  well. 
The  pins  of  the  paddle  wheels  should  always  be 
covered  with  brass  when  wood  is  used :  as  the  sur- 
face of  iron  becomes  rough  by  corrosion,  and  then 
soon  rasps  the  wood  away.  In  sandy  rivers  wooden 
bashes  do  not  last  well,  but  are  soon  ground  away ; 
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and  in  such  cases  steel  bushes  welded  into  the  ejes 
and  hardened,  and  fitted  with  hardened  steel  pins, 
are  found  to  be  the  best  arrangement.  In  sea-going 
steamers  brass  bushes  and  brass-covered  pins  are 
found  to  work  very  satisfactorilj,  and  to  wear  well 
when  the  rubbing  surface  is  made  large. 

ACTUAL  AND  NOMINAL  HORSES*  POWER. 

The  actual  and  nominal  power  of  engines — at  first 
identical  or  nearly  so — soon  began  to  diverge;  and 
in  time,  as  the  pressure  of  the  steam  was  increased, 
the  actual  power  of  an  engine  became  twice  greater 
than  it  had  been  at  first,  while  the  nominal  power, 
being  an  expression  of  the  dimensions  of  the  engine, 
remained  the  same.  The  divergence,  however,  did 
not  stop  here,  but  has  gone  on  increasing,  until  in 
recent  engines  the  actual  power  exerted  has  been  in 
some  cases  nine  times  greater  than  is  represented  by 
the  nominal  power.  In  other  words,  an  engine  of 
200  horse-power  nominal  has  been  proportioned  to 
exert  as  much  as  1800  actual  horses'  power.  The 
uncertainty  and  varying  character  of  the  ratio  sub- 
sisting between  the  actual  and  nominal  power  is  a 
source  of  much  perplexity ;  and  proposals  have  been 
made  in  consequence  to  substitute  some  other  unit 
for  the  horse-power.  But  the  proper  course  would 
be  to  retain  the  nominal  power  as  a  unit,  but  to 
define  this  unit  to  be  a  square  yard  or  a  square  metre 
of  heating  surface  of  the  boiler,  instead  of  a  given 
capacity  of  cylinder.  As  the  boiler  is  the  measure  of 
the  power  actually  exerted  by  an  engine,  this  method 
of  reckoning  the  nominal  power  would  preserve  a 
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more  uniform  ratio  between  the  actual  and  nominal 
power  than  the  present  mode  of  reckoning. 

The  rule  at  present  followed  for  determining  the 
nominal  power  of  an  engine  was  first  given  by  my- 
self in  my  Treatise  on  the  Steam  Engine  in  1844. 
The  rule  called  the  Admiralty  rule  is  the  rale  of  the 
late  Mr.  Barnes,  who  gave  it  to  me  in  1844,  and  was 
given  by  me  to  Mr.  Lawrie,  who  made  a  slight 
change  in  it  and  subsequently  communicated  it  to  the 
Admiralty,  by  whom  it  was  adopted.     Mr.  Barnes' 

rule  was  >  "~  i^»  where  d  was  the  diameter  of  the 
5640 

cylinder  in  inches,  and  v  the  velocity  of  the  piston  in 

feet  per  minute :  and  1  inch  was  subtracted  from  the 

diameter  of  the  cylinder,  as  a  compensation  for  the 

friction.     Mr.  Lawrie  discarded  this  allowance  for 

the  friction ;  and  the  rule  then  became    ----- ,  which 
*  6000' 

is  a  aimpler  expression,  but  one  which  the  Admiralty 

had  no  part  in  originating,  as  it  was  quite  new  to 

them  when  Mr.  Lawrie  communicated  it     The  rule 

given  by  me  for  the  nominal  power  of  land  and 

paddle  engines  is  — ^,  where  d  is  the  diameter  of 

the  cylinder  in  inches,  and  s  the  stroke  in  feet ;  and 
the  same  rule  is  applicable  to  direct-acting  screw 
engines  by  taking  a  different  divisor.  A  proper 
divisor  in  the  case  of  those  engines  would  be  2S'5f 
which  will  make  the  nominal  power  of  a  direct-acting 
screw  engine  exactly  double  that  of  a  land  or  paddle 
engine  of  the  same  size ;  and  this  rule,  while  suffi- 
ciently exact  for  practical  purposes,  will  occasion  the 
least  amount  of  disturbance  in  the  existing  rules  and 
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tables  for  ascertaining  the  nominal  power,  as  the 
power  will  just  be  the  double  of  that  which  the 
existing  low-speed  rules  and  tables  give. 

In  the  average  class  of  modern  engines  the  actual 
power  may  be  taken  at  4  to  4^  times  the  nominal 
power.  But  in  some  cases  it  is  the  double  of  this, 
and  rises  to  8  or  9  times  the  nominal  power.  The 
pressure  of  steam  and  actual  and  nominal  power  of 
some  of  the  modern  vessels  in  the  navy  is  shown  in 
the  following  table : — 
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MODERN   FORMS   OF   BOILERS. 

Boilers  are  divisible  into  three  main  classes,  land 
boilers,  marine  boilers,  and  locomotive  boilers,  and  of 
each  class  there  are  many  varieties.  The  old  waggon 
boiler  is  now  almost  extinct,  and  there  is  no  gene- 
rally accredited  species  of  land  boiler  which  has 
taken  its  place.  On  the  whole,  land  boilers  are 
approximating  in  construction  to  marine  boilers. 

In  the  earlier  times  of  steam  navigation  the  boilers 
employed  were  invariably  flue  boilers.     It  is  very 

Fig.  8.  Fig.  9. 


BoiLCu  OP  Stbambbs  Asia  and  Africa,  by  R.  Napibb  and  Son. 
TnoiTerae  Section  at  A  A,  fig.  11.  Transyerse  Section  at  B  B.  fig.  11. 

doubtful  whether  the  efficacy  of  that  claims  of  boiler 
has  yet  been  exceeded,  and  in  some  steam  vessels  of 
the  highest  efficiency  flue  boilers  are  still  retained. 
Figs,  8  and  9  are  transverse  sections  of  the  flue 
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boilers  of  the  mail  steamers  Asia  and  Africa,  and 
figs,  10  and  1 1  are  longitudinal  sections  of  the  same 

lig,  10. 


BoiLiita  OP  Stbambrs  Asia  and  Apric4. 
Longitudinal  Section  through  C  C,  flg.  8. 


BoiLBBS  OP  Stbaxbbs  Asia  and  Aprica. 
Longitudinal  Section  through  D  D,  fig.  B« 
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boilers.  Boilers  of  a  similar  construction  to  these 
have  been  in  use  in  other  yessels  on  the  same  line  for 
the  long  period  of  14  jears. 

The  ordinarj  form  of  boiler  now  employed  for  marine 
purposes  is  the  tabular  boiler ;  and  the  features  of  the 
arrangement  haye  not  varied  much  since  the  first  in- 
troduction of  the  tubular  system  in  1844.  An  example 
of  this  species  of  Ixnler  is  given  in  fig.  12,  which  is  a 
representation  of  an  ordinarj  marine  tubular  boiler 
with  Beardmore's  superheater  introduced  in  the  up- 
take. The  flame  and  smoke  after  passing  over  a  brick 
bridge  at  the  end  of  the  furnace  returns  through 
the  tubes  to  the  front  of  the  boiler;  and  the  smoke 
then  passes  up  the  chimnej,  but  on  its  way  thither 
encounters  the  horizontal  tubes  of  the  superheater. 
In  this  superheater  there  are  two  sets  of  tubes,  sepa- 
rated by  a  diaphragm ;  and  the  steam  passes  back 
through  one  set  of  tubes,  and  forward  through  the 
other,  so  that  it  traverses  a  distance  equal  to  twice 
the  length  of  the  superheater. 

The  best  forms  of  tubular  boiler  do  not  differ 
materially  from  that  constructed  by  me  in  1838  ;  and 
with  the  increasing  pressures  which  are  now  used, 
it  is  inevitable  that  the  rectangular  shell  at  present 
employed  should  be  discarded.  The  boilers  intro- 
duced by  Messrs.  Penn  in  the  Hydra  are  represented 
in  Jigs.  13  and  14  ;  and  these  boilers  have  the  advan- 
tage of  a  cylindrical  shell,  and  may  be  worked  with 
safety  to  a  pressure  of  40  lbs.  on  the  square  inch. 
But  the  furnaces  are  too  small ;  and  cylindrical  fur- 
naces are  very  inconvenient  for  enabling  a  proper 
slope  to  be  given  to  the  fire-bars,  as  the  width  of  the 
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Bbabdmobb's  Supbbhbatino  Apparatui. 
TransTene  Section* 
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bars  At  the  back  end  is  necessarily  contracted ;  and 
the  bars  must  either  be  made  taper,  or  taper  pieces 
must  be  cast  to  fill  the  vacuities  at  the  frant. 


Fig.  13. 


Fig,  14. 


BoiLBM  or  H  M.SL  Hydva,  bt  Mkshrs.  Jobn  Pei«!«  and  Son. 
Transrerse  Section,  ihowing  Tubei.    Transrerse  Section  through  Furnaces. 


The  species  of  water-space  boiler  known  as  Lamb 
and  Summers'  boiler  has  now  been  widely  intro- 
duced, and  has  this  special  feature  of  advantage,  that 
it  enables  a  rapid  circulation  of  the  water  to  take 
place.  This  boiler  i&  shown  in^^.  15,  which  is  a 
transverse  section  of  the  boilers  of  the  steamer  Ripon. 
In  this  boiler  the  smoke,  instead  of  being  returned 
through  small  cylindrical  tubes,  is  returned  through 
a  row  of  very  narrow  flat-sided  flues ;  and  in  order 
to  prevent  these  flat  surfaces  from  being  forced  to- 
gether by  the  pressure  of  the  steam,  they  are  strutted 
asunder  by  shoft  struts,  so  that  in  the  interior  of  tlie 
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boiler,  the  whole  heating  snrface  of  these  flues  is 
clear  of  stays  or  other  obstructions. 


Fig.  15. 
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BotLBBS  or  Stbambb  Ripon  on  Lamb  akd  Summbbb'  Plan. 
TransTerie  Section. 
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The  same  benefit  of  an  effectual  circulation  tkat  is 
obtainable  in  Lamb  and  Summers'  boiler  is  also  ob* 
tained  in  the  boiler  with  upright  tubes  invented  by 


5 
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that  remarkable  genius  the  late  Earl  of  Dundonald, 
and  of  which  an  eiample  is  given  in  fig>  16,  which 
is  a  longitudinal  section  of  one  of  the  boilers  of  the 
steamer  Atlantic.  Boilers  on  this  principle  are  not 
much  used  in  this  country,  except  in  the  case  of  the 
hay-stack  boilers  invented  by  Mr.  David  Napier,  and 
which  are  very  generally  employed  in  the  river 
steamers  plying  on»  the  Clyde.  In  these  boilers  up- 
right tubes,  with  the  water  within  them,  are  also 
employed. 

The  importance  of  maintaining  a  rapid  circulation 
in  the  water  of  the  boiler  is  not  yet  sufficiently  re- 
cognised. Not  only  will  a  rapid  circulation  add  to 
the  durability  of  the  boiler  by  preventing  the  plates 
from  being  overheated,  but  it  will  materially  increase 
the  efficiency  of  the  heating  surface ;  and  in  the 
boilers  of  the  Atlantic,  it  was  found  that  by  inserting 
a  short  piece  of  tube  in  the  mouth  of  each  upright 
pipe,  whereby  the  length  and  consequently  the 
velocity  of  the  ascending  column  was  increased,  a 
sensible  advantage  was  gained  in  the  performance  oF 
the  boiler.  In  many  tubular  boilers  the  tubes  are 
set  so  closely  together,  that  the  circulation  of  the 
water  amongst  them  is  greatly  impeded ;  and  it  has 
in  consequence  been  found,  that  the  evaporative 
power  of  such  boilers  has  been  increased  by  removing 
some  of  the  tubes  altogether — the  loss  of  a  part  of 
the  heating  surface  being  more  than  compensated  by 
the  increased  efficacy  of  the  rest. 

PROPORTIONS  OP  BOILERS. 

The  proportions  of  boilers  per  nominal  horse-power 
are  aifected  by  two  considerations — the  first,  what 
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ratio  it  is  intended  shall  subsist  between  the  actual 
and  nominal  power ;  and  the  second,  what  amount  of 
surface  shall  be  allowed  for  the  evaporation  of  a 
cubic  foot  of  water  in  the  hour.  The  greater  the 
excess  of  the  actual  over  the  nominal  power,  and 
the  less  the  expansion,  the  larger  manifestly  must 
be  the  surface  per  nominal  horse  power;  and  in 
proportioning  boilers  of  every  class  the  main  thing 
to  be  had  regard  to  is  the  number  of  cubic  feet 
of  water  required  to  be  evaporated  in  the  hour.  But 
in  difiTerent  classes  of  boilers  very  different  quan- 
tities of  surface  are  required  to  evaporate  a  cubic 
foot  per  hour.  Thus  in  Smeaton's  boilers  a  cubic 
foot  was  evaporated  per  hour  with  5  square  feet  of 
heating  surface,  in  Watt's  land  boilers  with  9  or  10 
square  feet,  in  locomotive  boilers  a  common  propor- 
tion is  o  or  6  square  feet,  and  in  Cornish  boilers  70 
square  feet ;  and  those  boilers  which  have  the  most 
heating  surface  per  cubic  foot  evaporated  are  the 
most  economical  in  coal.  Thus  in  Smeaton's  boilers, 
a  hundredweight  of  coal  evaporated  14*1 1  cubic  feet 
of  water ;  in  Watt's  boilers  about  the  same  ;  in  loco- 
motive boilers  from  11  to  12  cubic  feet,  and  in 
Cornish  boilers  about  19  cubic  feet.  The  election 
therefore  has  to  be  made  between  a  large  amount  of 
heating  surface  per  nominal  horse  power,  and  a  some- 
what increased  consumption  of  coal.  A  given  amount 
of  heating  surface  however  will  be  made  more 
effectual,  if  a  high  temperature  be  maintained  in  the 
furnace,  and  if  the  circulation  of  the  water  within 
the  boiler  is  rapid  and  unimpeded ;  and  at  all  times 
the  evaporative  efficacy  of  the  boiler  will  foe  mucb 
e 
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increased  by  quickening  the  draught  either  by  a  blast 
pipe  in  the  chimney  or  otherwise ;  but  as  somewhat 
more  of  the  heat  will  in  such  case  go  up  the  chimney, 
there  will  be  a  somewhat  increased  consumption  of 
coal. 

The  proportions  of  marine  tubular  boilers,  as  sub- 
sisting from  1844  to  1854,  are  exhibited  in  the  fol- 
lowing table : — 

PftOPOftTIONS  or  MaRIMB  TUBOLAft  BOILBU. 

By  Boulton,  WAtt,  ft  Co.,  1844. 
The  aetoal  power  Is  here  fttppoted  to  be  1^  timet  the  nominal,  and  the  tteftm 
to  be  of  10  lbs.  pressure  per  square  inch,  and  to  be  cut  off  at  iwo-thirds 
of  the  stroke. 


Ams  and  Contents. 

Praportlon 

per 

nomlnd 

Proportiim 

PnpoitfeR 

Hone 
Power. 

"tar 

Water 

Heating  surface  of  tubes  In  sq.  a 

in-w 

410 

7-25 

Heating  surface  of  plates  in  sq.ft.     .    .    . 

2-75 

1-10 

1-75 

Total  heating  surface  in  sq.  ft 

i:i.oo 

Sr/O 

900 

Area  of  grate  In  sq.  ft 

0-70 

0-28 

O-JM) 

Sectional  area  of  tubes  In  fq.  in 

H-OO 

6-20 

900 

Sectional  area  of  furnace  uptake  in  sq.  in.  . 

1600 

650 

1200 

Sectional  area  of  chimney  upuke  in  sq.  in. 

1400 

A- 60 

lo-a-i 

Sectional  area  of  chimney  in  sq.  in.     .    .    . 

H'.SO 

3-40 

600 

Area  of  base  of  boiler  in  sq.  ft 

1083 

0-4.33 

0.7H0 

Capacity  ofboiler  proper  in  cub.  ft.  .    .    . 

9-25 

s-?.** 

6.50 

Capacity  ofsteam-chest  In  cub.  ft.     .    .   . 

2-00 

0-75 

1-.M) 

Total  capacity  of  boiler  and  steam-chest  7 
in  cub.  ft.          3 

11-29 

4*50 

800 

Rado  of  diameter  to  length  of  tubes  .    .    . 
Ratio  of  area  to  length  oi  tubes 

l-23tol-.3q 

U12tol-15 

In  modern  boilers,  by  the  same  makers,  the  pro- 
portion of  grate  of  heating  surface  and  of  sectional 
area  of  tubes  and  chimney  to  evaporate  a  cubic  foot 
of  water  per  hour  remain  much  the  same  ;  but  as  the 
proportion  of  actual  to  nominal  power  has  been  much 
increased,  the  dimensions  of  the  boiler  per  nominal 
horse  power  have  been  much  increased.     Thus  in 
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the  Steamer  Scud,  the  engines  of  which  were  made 
bj  Bool  ton  and  Watt,  the  heating  surface  per  nominal 
horse  power  is  28  feet,  but  that  Tessel  works  up  to  8 
or  8^  times  the  nominal  power.  In  more  recent 
engines  the  same  makers  have  given  as  much  as  35 
square  feet  of  heating  surface  per  nominal  horse 
power.  But  these  are  exceptional  cases :  the  usual 
proportion  thej  give  is  21  square  feet  per  nominal 
horse  power.  Taking  the  evaporation  as  the  mea- 
sure of  the  power  of  the  boiler,  their  present  propor- 
tions for  evaporating  a  cubic  foot  in  the  hour  are  as 
follows : — 

Pboportioks  op  Boiles  to  Evaporate  a  Cubic  Foot  of 

Water  in  the  Hour.     1865. 
Total  heating  sarface  of  tubes  and  plates    .     10  square  feet. 

Grate  sarface 70  square  inches. 

Sectional  area  of  tubes      .        .        .        .10  „ 

Sectional  area  of  back  uptake   .        .        .15  ^ 

Sectional  area  of  front  uptake  .        .        .     12       -       „ 
Sectional  area  of  chimnej  .        .        .    6 j  to  7     „ 

The  quantity  of  water  required  to  be  evaporated 
to  produce  an  actual  horse  power,  depends  of  course 
upon  the  rate  of  expansion.  Boulton  and  Watt 
usually  put  sufficient  lap  upon  the  valves  to  cut  the 
steam  off  at  half  stroke,  and  then  by  the  aid  of  the 
link,  they  are  able  to  cut  off  at  ^  of  the  stroke  if 
required. 

The  particulars  of  the  proportions  and  performance 
of  the  boilers  of  a  number  of  modern  steam  vessels, 
as  also  the  proportion  of  condensing  surface  per 
nominal  horse  power  in  the  tubes  of  the  condenser 
and  other  material  facts,  are  recorded  in  the  following 
table : — 

eft 
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SMOKE  BUBNIKO. 

Notwithstanding  the  number  of  smoke-burning  fur- 
naces which  have  at  different  times  been  introduced, 
it  cannot  be  said  that  any  plan  has  jet  been  con- 
trived which  80  far  satisfies  the  conditions  of  the 
problem  as  to  command  general  recognition  of  its 
eligibility,  or  to  lead  to  its  general  adoption.  These 
plans  operate  either  on  the  principle  of  admitting  air 
above  the  fuel  to  burn  the  smoke— -which  has  the 
radical  defect  that  the  production  of  smoke  in  ordinary 
furnaces  is  variable,  whereas  the  admission  of  air  is 
constant,  so  that  either  too  much  or  too  little  will 
generally  enter — or  on  the  principle  of  passing  the 
smoke  over  the  incandescent  fuel,  or  through  red-hot 
pipes  or  fire-brick  passages — which  though  it  will 
diminish  the  smoke,  will  rarely  wholly  prevent  it; 
while  the  apparatus  required  is  generally  cumbrous. 
A  proper  smoke-burning  furnace  should  obviate  the 
smoke  effectually ;  and  it  should  be  of  simple  con- 
struction, and  be  exempt  from  the  objection  of  ad- 
mitting too  much  or  too  little  air  to  burn  the  smoke. 
In  steam  vessels  it  is  most  desirable  that  some  proper 
species  of  firing  apparatus  should  be  employed;  as  the 
laboar  and  difficulty  of  firing  large  furnaces  at  sea, 
especially  in  hot  climates,  is  very  great. 

In  1838  I  took  out  a  patent  for  a  smokeless  fur- 
nace ;  and  I  then  originated  the  doctrine — since  so 
generally  accepted — that  instead  of  seeking  to  bum 
smoke,  the  proper  course  was  to  hinder  its  formation. 
In  1839  I  introduced  smokeless  furnaces  into  difierent 
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Steamers,  in  which  the  arraDgements  had  to  varj  to 
suit  existing  boilers;  and  in  some  cases  I  caused 
the  smoke  to  pass  over  the  incandescent  fuel,  in  other 
cases  to  pass  through  heated  fire-tile  channels,  and 
in  other  cases  again  two  adjacent  furnaces  were 
fired  alternately,  and  the  smoke  from  the  one  passed 
through  the  glowing  embers  of  the  other.  All  these 
expedients,  however,  are  imperfect ;  and  no  species 
of  smokeless  furnace  has  yet  been  contriTed  of  such 
conspicuous  eligibility,  as  to  ensure  its  general 
adoption.  I  belieyc  that  a  good  smokeless  furnace 
and  a  good  self-feeding  furnace  will  come  together ; 
and  I  also  believe  that  the  realisation  of  this  deside- 
ratum is  not  very  far  off. 

ON  THE  RESISTANCE   OF   SHIPS. 

The  doctrine  first  promulgated  in  my  Catechism  of 
the  Steam  Engine,  that  in  well-formed  steam  vessels 
of  the  common  type  nearly  the  whole  of  the  re- 
sistance is  occasioned  by  the  friction  of  the  water 
upon  the  bottom  of  the  vessel,  instead  of  being  mainly 
produced  by  the  act  of  separating  the  water  at  the 
bow  and  closing  it  at  the  stern,  as  was  the  previous 
doctrine — is  now  receiving  general  recognition ;  and 
computations  based  on  that  supposition  are  found  to 
accord  very  closely  with  the  results  obtained  by  ex- 
perience. I  was  led  to  this  conclusion  from  having 
to  design  some  steamers  in  1853,  which  I  was  desirous 
should  possess  the  maximum  speed  with  the  minimum 
power,  and  I  therefore  constructed  them  on  the 
pendulum  lines  recommended  in  the  Catechism  of 
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the  Steam  Engine,  as  the  most  eligible  for  this  pur- 
pose. I  found  the  Tessels  ivhen  constructed  and 
tried  perfectly  to  fulfil  my  expectation  of  passing 
through  the  water  with  the  minimum  of  disturbance, 
and  there  was  no  wave  produced  at  the  bow,  or  at 
any  other  part.  Nevertheless,  I  did  not  find  the 
speed  to  be  sensibly  superior  to  that  of  other  vessels 
of  ordinary  good  shape,  and  of  similar  size  and  power; 
and  as  in  my  vessels  nearly  the  whole  resistance 
was  certainly  that  of  friction^  and  as  the  total  re- 
sistance was  nearly  the  same  as  that  of  common  vessels 
there  was  no  escape  from  the  conclusion,  that  in  ordi- 
nary sharp  vessels  nearly  the  whole  resistance  is  also 
that  of  friction.  This  discovery  points  to  the  supreme 
importance  of  endeavouring  to  reduce  the  friction  of 
the  bottom ;  and  it  is  found  by  recent  experiments 
made  in  France,  that  the  friction  will  be  a  good  deal 
influenced  by  the  nature  of  the  coating*  which  the 
bottom  receives.  There  is  a  great  need  for  improve- 
ment here ;  whereas  very  little  improvement  is  to  be 
expected  from  altering  the  shape  of  the  steamers  we 
at  present  employ.  We  must  of  course  draw  them 
out  to  greater  length,  as  we  require  higher  speeds, 
and  introduce  more  power;  and  contract  them  to 
shorter  lengths  as  we  are  satisfied  with  the  lower 
speeds  proper  to  less  power.  But  this  elongation  or 
contraction  is  merely  a  question  of  putting  up  the 
frames  nearer  together  or  further  apart,  and  does  not 
affect  the  shape,  but  only  the  proportion  of  length 
to   breadth.     The   proper  shape  for  a  ship  may  be 

*  This  topic  is  treated  of  more  fully  in  my  '  Hand-Book  of  the 
Steam  Engine.' 
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expressed  by  an  equation,  only  there  will  be  a  certain 
proportion  of  length  to  breadth,  which  will  be  suit- 
able for  each  particular  speed,  or,  in  other  words,  the 
proper  length  will  be  a  function  of  the  intended 
speed ;  so  that  if  we  wish  to  doable  the  speed,  we 
ought  also  to  double  the  length. 

The  friction  of  ships  has  been  sought  to  be  mea- 
sured by  the  friction  of  water  running  in  pipes  and 
canals.  But  the  friction  per  square  foot  of  a  ship  is 
much  less  than  the  friction  of  a  square  foot  of  pipe 
or  canal  when  the  water  and  the  ship  are  moving  at 
equal  velocities.  The  velocity  of  water  in  a  pipe  is 
usually  measured  by  the  discharge.  But  the  dis- 
charge measures  only  the  mean  velocity,  whereas  it 
is  the  mcucimum  velocity  which  is  alone  comparable 
with  that  of  a  ship.  Moreover  there  is  every  reason 
to  believe,  that  the  friction  of  a  ship  per  square  foot 
is  not  the  same  at  all  parts,  but  will  be  more  at  the 
bow  and  less  at  the  stern.  The  friction  of  the  bottom 
and  sides  puts  in  motion  a  film  of  water  of  increasing 
thickness,  and  also  of  increasing  velocity,  which 
moves  with  the  ship ;  and  as  the  stern  part  is  im- 
mersed in  this  moving  water,  the  friction  upon  it  is 
not  so  great  as  it  would  otherwise  be.  Screw  pro- 
pellers placed  at  the  stern  utilise  a  portion  of  this 
moving  column  by  working  in  it ;  for  the  operation 
of  this  column  is  to  diminish  the  visible  slip,  which  is 
consequently  less  than  would  be  the  case  if  the 
screw  were  placed  at  the  bow ;  and  in  some  cases, 
indeed,  there  is  not  only  no  visible  slip  in  the  screw, 
but  the  visible  slip  is  negative,  or,  in  other  words, 
the  vessel  travels  faster  than  the  screw. 
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DOUBLE   SCREWS. 

A  screw  placed  in  each  quarter  is  now  often  em- 
ployed instead  of  a  screw  situated  at  the  stern  ;  and 
in  mj  Treatise  on  the  Screw  Propeller,  published  in 
1862,  I  strongly  recommended  that  method  of  con- 
stroction.  Two  screws  have  these  advantages  over 
one :  they  enable  the  necessary  propelling  area  to  be 
obtained  at  a  greater  depth  in  the  water ;  and  I  long 
since  explained — what  Mr.  Ronnie's  experiments  have 
since  demonstrated — ^that  the  resistance  which  the 
water  would  offer  to  the  screw  would  depend  mainly 
on  the  depth  of  its  immersion,  since  the  displacement 
will  always  be  in  the  line  of  least  resistance  which  is 
to  the  surface,  and  the  resistance  or  grip  will  vary  as 
the  depth.  Then  two  screws  enable  the  ship  to 
be  easily  manceuvred,  if  they  are  driven  by  separate 
engines ;  and  finally  the  vessel  is  not  wholly  disabled, 
but  will  still  have  sufficient  propelling  efficacy  to 
proceed  on  her  voyage,  even  if  one  screw  or  screw- 
si  i  aft  should  happen  to  break.  These  considerations 
render  it  probable,  that  two  screws  will  obtain  a 
preference  over  one ;  and  each  screw  may  be  driven 
by  a  single  horizontal  balanced  engine  of  the  kind 
introduced  by  me  in  1852,  and  which  has  been  ever 
since  at  work  in  various  vessels  constructed  by  me 
about  that  time.  This  species  of  engine  is  described 
in  the  Catechism  of  the  Steam  Engine,  p.  433. 

TARIOUS  FORMS  OF  6CBEW. 

Notwithstanding  the  vast  number  of  different  kinds 
of  screws  which  have  been  tried  and  proposed  since 
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the  first  introduction  of  screw  vessels,  there  does  not 
appear  to  be  any  better  screw  yet  contrived  than 
Smith's  original  screw  with  uniform  pitch,  as  fitted  in 
the  Rattler.  For  merchant  vessels  three  blades  are 
preferable  to  two.  But  in  the  case  of  war  vessels 
made  with  lifting  screws,  more  than  two  blades 
cannot  be  employed.  Lifting  screws,  however,  appear 
likely  to  go  out  of  use  altogether.  The  gear  they 
involve  is  a  source  of  expense  and  complication,  and 
is  liable  to  shake  loose  in  time  and  give  trouble  ; 
while  the  benefit  of  the  arrangement  is  very  small. 
Steam  vessels  will  almost  always  use  steam  ;  and  for 
those  rare  occasions  when  it  is  wished  to  impel  them 
by  sails  without  steam,  the  resistance  presented  by 
the  screw  will  not  be  great,  if  it  be  suffered  to  re- 
volve like  a  great  patent  log,  the  function  of  which 
it  may  also  be  made  to  fulfil  in  measuring  the  speed, 
of  the  vessel. 

LAND  EKOINES. 

Single  and  Double  Cylinder  Engines  compared. 
One  of  the  most  interesting  illustrations  of  the  com- 
parative merits  of  the  single  and  double  cylinder 
engine,  is  afforded  by  the  simultaneous  erection  of 
certain  engines  of  each  class  and  of  the  same  power 
at  the  New  River  Waterworks  in  London.  Both 
classes  of  engines  are  rotative  engines,  and  they 
employ  the  same  pressure  of  steam.  The  single 
cylinder  engines  which  were  constructed  by  Messrs. 
Boulton  &  Watt,  have  cylinders  60  inches  diameter 
and  8  feet  stroke.  The  double  cylinder  engines  which 
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wcTB  constracted  bj  Messrs.  Simpson  &  Co.,  hare 
low-pressure  cylinders  of  46  inches  diameter  and  8 
ieet  stroke,  and  high-pressure  cylinders  of  28  inches 
diameter  and  5  feet  6f  ths  stroke.  The  pumps  are 
the  same  in  each  case,  being  the  combined  piston  and 
plunger  pump  invented  by  Mr.  David  Thomson,  and 
first  introduced  by  Messrs.  Simpson  in  the  Richmond 
Waterworks  in  1848.  The  pressure  of  the  steam  in 
the  boiler  is  38  lbs.  per  square  inch,  and  about  8  lbs. 
less  than  this  in  the  cylinder  at  the  commencement 
of  the  stroke.  The  pump  lifts  the  water  127  feet, 
and  the  friction  is  about  33  feet  The'  performance 
of  these  two  classes  of  engines  is  as  nearly  as  possible 
the  same,  being  about  87  millions  of  pounds  raised 
one  foot  high  by  the  consumption  of  a  bushel  or 
94  lbs.  of  Welsh  coals.  This  is  equivalent  to  1-9 
or  rmther  less  than  2  lbs.  per  actual  horse-power  per 
hour. 

Balanced  Double  Cylinder  Engine.  An  example 
of  this  species  of  engine  as  made  by  Messrs.  Garrett, 
Marshall  &  Co.  of  Leeds  is  exhibited  in  Jig.  17*  In 
this  engine  the  cylinders  are  horizontal  and  the 
cranks  are  nearly  opposite  to  one  another,  so  that  the 
pistons  move  in  opposite  directions,  thereby  balancing 
their  own  momentum  while  a  very  direct  passage  is 
at  the  same  time  afforded  for  the  steam  escaping  from 
the  high-pressure  cylinder  to  enter  the  low-pressure 
one.  The  air  pump  is  double  acting,  and  for  very 
high  speeds  is  set  vertically  at  the  end  of  the  engine, 
and  is  wrought  by  levers  so  proportioned,  that  the 
stroke  of  the  air  pump  is  half  that  of  the  piston. 
Messrs.  Garrett  h  Go.  consider    that    this  engine 
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maj  be  worked  up  to  600  feet  per  minute,*  which 
may  probably  be  done  without  inconvenience  if 
the  parts  and  passages  are  made  sufficiently  large, 
and  if  the  bearings,  piston -slides,  and  all  the  rub- 
bing parts  are  made  of  sufficient  area,  and  are 
well  lubricated.  In  very  fast  moving  engines  it 
would  be  proper  to  have  a  small  oil  pump  which 
would  send  an  excess  of  oil  to  all  the  bearings,  and 
this  excess  should  on  overflowing  be  returned  into  a 
.  small  cistern  or  recess  in  the  bed  plate  into  which  the 
oil  pump  would  dip.  .  A  very  effisctual  lubrication 
would  thus  be  attained  with  certainty,  without  trouble, 
and  without  waste  of  oil;  and  the  oil  would  not  merely 
lubricate,  but  would  coo/ the  bearings,  the  heating  of 
which  at  all  speeds  would  thus  be  prevented. 

£ngine  and  Boiler  combined.  A  form  of  engine 
and  boiler  convenient  for  many  purposes  is  shown  in 
^g.  18,  which  is  an  elevation  of  a  20-horse  engine 
set  on  the  top  of  a  tubular  boiler  constructed  by 
Messrs.  Carrett,  Marshall  &  Co.  of  Leeds.  This 
species  of  engine' and' boiler  is  easily  removable,  and 
may  be  set  down  anywhere  without  the  necessity  of 
foundations  or  any  species  of  bricklayer's  work.  If 
it  is  thought  desirable  at  any  time  to  double  the 
power,  this  may  be  done  by  setting  another  engine 
and  boiler  alongside  the  first,  and  connecting  the  two 
by  a  shaft;  and  one  flywheel  will  suffice  for  both 
engines. 

Another  form  of  engine  and  boiler  constructed  by 

*  In  1S54  I  constrncted  a  balanced  marine  with  cylinder  42 
inches  diameter  and  42  inches  stroke,  the  piston  of  which  worked 
at  a  speed  of  700  feet  per  minute. 
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these  makers  is  exhibited  in  fig,  19.  Here  it  will  be 
seen  that  both  the  engine  and  boiler  are  vertical,  and 
as  the  engine  is  placed  on  top  of  the  boiler,  no  foun- 
dations are  required.  The  heating  surface  of  this 
boiler  is  all  formed  of  boiler  plate,  and  consists  of  aii 
internal  fire  box,  water  box,  and  uptake  fiue. 


Fig,  18. 


Casrbtt,  Marshall  and  Co.'i  Combined  Enginb  and  Boilbk. 


Another  example  of  an  engine  set  on  a  boiler  and 
constructed  bj  the  same  makers  is  shown  in  fi^,  20, 
which  is  a  form  of  engine  applicable  for  pumping  deep 
wells  or  mines.  The  boiler  is  set  across  the  mouth  of 
the  well  or  shaft,  and  the  pump  is  wrought  off  a  pin  in 
a  plate  or  chuck  fitted  with  internal  gearing,  to  the 
end  that  the  engine  maj  move  fast  while  the  pump 
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Fig.  19. 


VCSTICAL  BkGINB  AMO  BoiLKft  BY   CarBSTT,  MAISBiLLL  ANf    Co..   LeeOS 
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rtg.  so. 


Carbett,  Marshall  and  Co.*t»  Fumpimo  Ekoihr  and  Boiler 
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moTes  slowlj.    This  engine  maj  also  be  used  for 
irrigation. 

Inverted  Pumping  Engine.  An  inverted  pumping 
engine  similar  to  the  foregoing  is  shown  in  fig.  21 ; 
bat  here  the  boiler  is  removed,  and  the  engine  is  set 

Fig.  21. 


CARRrrr,  Marshall  and  Co.'s  Fixed  Pompino  Enoini 
FOR  Dbbp  Lifts. 


on  an  appropriate  foundation.  The  gearing  wherebj 
the  fast  engine  drives  the  pump  slowlj  is  shown  at 
the  right  in  this  drawing. 

Inverted  Factory  Engines.    Figs.  22  and  23  are  re- 
pr^entations  of  the  inverted  engine   of  the  same 
makers  suitable  for  general  purposes.  ^^.  22  being  a 
f 
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Fr/f,23 


Carrbtt,  Marshall  and  Cn/s  Vertical  Engimb.   Front  Elemtion. 


Fv.  23, 


Carrbtt,  Marshall  and  Ca*8  Vbrtical  Enoinb.    Side  Eleratlon. 
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front  elevation,  and^.  23  a  side  elevation.  In  tbese 
engines  the  stufiing  box  in  the  bottom  of  the  cylinder^ 
throQgh  which  the  piston  passes,  is  projected  inwards 
above  the  cylinder  bottom,  so  that  there  can  be  no 
dripping  of  water  from  the  stuffing  box,  and  if  there 
is  any  leak  it  will  be  a  leak  of  steam.  The  piston  is 
suitably  recessed  to  receive  the  projecting  staffing 
box. 

Engine  for  working  Hydraulic  Pumps,  A  variety 
of  this  species  of  engine  as  applied  to  work  hydraulic 
pnmpsfor  pressing  bales,  or  for  working  any,  other  kind 
of  hydraulic  apparatus,  is  shown  in^.  24.  There  is  a 
large  and  a  small  pump  employed,  and  the  large  pump 
having  created  as  much  pressure  as  it  can,  feeds  the 
small  one.  The  arrangement  is  so  contrived,  that 
when  the  maximum  pressure  has  been  attained  by  the 
small  pump,  it  stops  the  engine — thus  obviating  a 
waste  of  power  by  forcing  the  water  through  a  loaded 
valve. 

Ordinary  direct  acting  Vertical  Engine,  In  the 
vertical  engine  of  Mr.  Ferrabee  of  Stroud,  the  crank 
shaft  lies  across  the  top  of  an  appropriate  framing,  with 
the  cylinder  beneath.  This  engine  is  represented  in 
fig.  25^  which  is  sufficiently  illustrative  to  enable  the 
material  features  of  the  engine  to  be  readily  appre- 
hended. The  engine  is  fitted  with  an  expansion 
valve  of  the  piston  construction,  and  the  amount  of 
expansion  is  regulated  by  the  governor  which  moves 
in  or  out,  in  an  appropriate  link  motion,  the  point 
which  moves  the  expansion  valve  ;  and  the  amount  of 
its  throw  is  correspondingly  affected,  and  consequently 

the  rate  of  the  expansion.     The  feed  water  is  heated 

f2 
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bj  the  waste  steam,  and  the  general  design  of  the 
engine  is  verj  judicious. 

Fig.  24. 


Carkbtt,  Mauuall  and  Co.'s  Cumbinbu  STIA.M  Enoinb  and 
Hydkaolio  Pumps. 


Fixed  Sorizmtal  Engine.    The  horizontal  engine 


febbabee's  yebtical  enginb. 


Ymtical  Ekoihb  bt  Fbrrabbi  or  Stboud. 
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of  Messrs.  Carretty  Marshall  and  Co.  is  shown  in 
fig,  26,  and  this  may  be  accepted  as  the  common  type 
of  horizontal  engine  employed  by  most  makers  at  the 
present  time.  The  main  features  are  a  good  strong 
bed-plate,  to  which  the  cylinder  may  be  not  merely 
bolted  but  also  keyed  against  lugs,  to  obviate  end 
play ;  and  it  is  preferable  to  cast  the  shaft  pillow- 
block  upon  the  bed-plate  rather  than  to  bolt  it  on,  for 
the  sake  of  obtaining  greater  exemption  from  thrust 
or  play. 


Carrbtt,  Marshall  and  Co.V^t  I'urizontal  Enginr. 


Donkey  Engines.  Figs.  27  and  28  represent  Haw- 
thorne's donkey  engine  for  feeding  boilers,  Kadfigs.  29 
and  30  represent  similar  engines  by  Messrs.  Garrett, 
Marshall  &  Co.  Tliey  may  be  taken  as  common 
types  of  the  Donkey  engine ;  but  Messrs.  Hawthorne 
turn  the  fly-wheel  by  a  connecting  rod,  whereas  a 
frame  with  horizontal  slot  is  more  common. 
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Fig$,  S7  and  28- 


Hawthobnr**  Donkky  Enoinb. 
Front  and  Side  Views. 
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Fig.  29. 


Carkbtt,  Marshall  and  Co.*s  Steam  Fcmp. 
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J^.30. 


Cabbbtt,  Marchall  and  Co.'t  DoNKBT  Feed  ENOim. 
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Fig.  31  represents  a  form  of  engine  suitable  for 
lifting  water  through  moderate  heights,  and  useful  for 
feeding  boilers,  filling  tanks,  pumping  water  for 
irrigating,  forcing  liquid  manure,  and  other  similar 
purposes. 

A  useful  form  of  water  pressure  engine  which  maj 
be  employed  for  blowing  organs  and  for  other  domestic 
purposes  is  shown  in  fig.  32.  These  engines  were 
first  applied  to  such  purposes  bj  Mr.  David  Elder  of 
Glasgow,  who  constructed  a  water  pressure  engine  to 
blow  the  organ  in  Mr.  Napier's  house  at  Shandon  on 
the  Clyde. 

Engines  for  high  speed,  Messrs.  Carrett,  Marshall 
&  Co.  employ  engines  to  driye  fans  and  centrifugal 
pumps  direct  without  intermediate  belting.  An 
example  of  this  combination  is  given  in^^.  33,  and 
it  will  be  seen  that  the  momentum  of  the  piston  is 
balanced  by  counterweights  on  the  fly  wheels,  in  the 
interior  of  the  rims  of  which  there  are  grooves  into 
which  fit  corresponding  projections  on  pulleys  on  the 
fan  spindle,  by  the  friction  of  which  contact  the  fan 
is  driven. 

The  best  form  of  centrifugal  pump  is  that  of  Appold 
with  curved  vanes,  as  represented  in  Jig,  34.  In 
1851  pumps  by  Appold  with  straight  vanes,  with 
inclined  vanes,  and  with  curved  vanes,  were  carefully 
tested,  and  it  was  found  that  the  work  done  relatively 
-  to  the  power  expended  amounted  with  the  pump  with 
straight  vanes  to  24  per  cent,  with  the  pump  with 
inclined  vanes  to  43  per  cent.,  and  with  the  pump 
with  curved  vanes — such  as  are  shown  in^.  34,  to 
68  per  cent.     This  pump  has  be^n  much  used  in 


f«-31. 


CABasTT,  Mabshau.  AMD  Co.*t  Watir  LimHO  EiioniB. 
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Fig.  82. 


CAftRBTT,  Marshall  and  Co.'c  Watbb  Pbbuorb  Enginb. 


VELOCIPEDE  ENGINE  FOR  DBIYINO  FANS.         77 


FIg.n. 


Ba&AKCSD  VnOClPIDB  EliOINB  BY  CABftITT,  BCaBIBALL  AXD  Co. 
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raising  water  for  irrigation,  for  draining  land  and 
foundations,  for  pumping  out  docks,  and  for  various 
other  purposes  for  which  low  lifts  are  required.    But 


Appold'8  Cbmtrifuoal  Pomf,  bt  Easton,  AMoa  AMD  Soir. 

for  some  of  these  purposes  the  chain  pump  formed 
with  square  boards  moving  slowlj  in  a  wooden 
trunk  appears  to  be  fully  as  effective.  The  centrifugal 
pump  is  sometimes  driven  by  toothed  wheels,  and 
sometimes  by  serrated  surfaces  of  contact  such  as  is 
shown  in  fig.  33,  and  which  is  known  by  the  name 
of  frictional  gearing.  But  toothed  wheels  require  to 
work  so  very  fast  when  the  lift  is  at  all  considerable, 
that  they  are  soon  cut  away,  and  it  appears  advisable 
when  gearing  is  used  in  such  cases  to  make  it  spiral, 
or  in  steps,  and  with  the  teeth  bottoming  and  very- 
broad.  If  frictional  gearing  is  used,  it  should  be  of 
much  greater  breadth  and  power  than  the  authors  of 
that  scheme  deem  necessary,  seeing  that  in  certain 
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cases  the  wheels  which  have  been  deemed  bj  them  of 
adequate  size  have  been  quite  insufficient  to  transmit 
the  strain. 

Messrs.  Easton,  Amos  &  Son  combine  the  pump 
and  the  engine  to  drive  it  into  one  structure,  and  have 
found  from  a  carefully  conducted  experiment  with 
one  of  these  machines,  that  with  a  mean  lift  of  6  ft. 
6  in.  nearlj,  the  fan  making  124  revolutions  per 
minute,  a  quantity  of  water.  =  6748  cubic  feet  or 
nearly  183}  tons  per  minute  was  delivered.  The 
engine  power  as  per  indicator  diagrams,  carefully 
taken,  being  111*2  horse  power,  it  follows  that  the 
useful  work  done  was  in  this  case  7d|  per  cent,  nearly 
of  the  power  expended. 

From  several  carefully  conducted  experiments  made 
by  the  Court  of  Policy  of  Demerara  upon  one  of  the 
pumps  in  that  country,  it  was  found  that  the  useful 
work  dones=66'55  per  cent,  of  the  power  expended, 
while  a  well-constructed  scoop,  tried  under  precisely 
similar  circumstances,  gave  no  more  than  22-3  per 
cent.,  and  a  centrifugal  pump  of  another  construction, 
29"3  per  cent.  only. 

By  the  combined  system  of  construction  any  settle- 
ment of  foundations  which  is  more  or  less  inevitable 
in  all  Fen  districts  is  neutralised,  as  the  whole  of  the 
machinery  is  self-contained,  and  its  working  unaffected 
by  settlement,  while  the  first  cost  of  building  founda- 
tions and  masonry  is  materially  less  than  by  any  other 
plan. 

The  arrangement  of  engines  employed  to  drive 
Appold's  centrifugal  pump,  by  Messrs.  Fasten,  Amo8 
&  Son   of  London  —  by  whom  large  numbers  of 
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CBMTRiruOAL  Pdmp,  bt  Eastoiv,  Amos  and  Son. 
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these  pomps  are  made — is  shown  in  fig  35.  The 
spindle  of  the  fan  is  vertical,  and  is  armed  at  the  top 
with  a  bevel  pinion,  to  which  motion  is  given  by  a 
bevel  wheel  placed  on  the  shaft  of  the  engine.  The 
£an  is  contained  in  a  cast  iron  casing  which  also 
serves  to  support  the  engine,  and  there  are  two 
suction  pipes,  one  for  each  side  of  the  fan.  The  water 
drawn  in  at  the  centre  of  the  fan  is  put  into  rapid 
rotation  bj  the  curved  blades,  and  escapes  at  the 
periphery  with  such  velocity  as  to  support  a  corres- 
ponding column  of  water,  and  if  the  head  is  less  than 
tbat — as  it  always  is — the  water  necessarily  overflows 
at  the  higher  leveL  Centrifugal  pumps  have  this 
great  advantage,  that  they  are  without  valves,  and  are 
consequently  as  efficient  in  forcing  dirty  water  as  in 
forcing  dean — a  quality  which  in  many  cases  is  of 
great  value.  They  have  sometimes  been  employed 
for  maintaining  the  circulation  in  surface  condensers. 
Bat  the  plan  of  using  one  of  the  air  pumps  as  a  cir- 
culating pump  is  simpler  and  is  to  be  preferred. 

Common  Lever  Engine.  The  old  form  of  beam 
engine  is  still  used  for  many  purposes.  An  approved 
form  of  engine  and  sugar  mill  for  expressing  the 
juice  from  canes  is  shown  in  fig,  36.  There  is  no 
novelty  about  this  engine  except  the  great  strength 
of  the  different  parts,  which  in  this  class  of  machinery 
is  quite  indispensable  to  obviate  continual  breaking 
down.  The  sugar  mill  consists  of  three  rollers,  and 
the  canes  pass  down  the  inclined  feeding  table,  and  pass 
under  the  upper  roller  which  squeezes  out  the  juice. 

Cowper^s  combined  Engines.  In  cases  where  great 
uniformity  of  rotative  power  is  important,  combined 
g 
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with  a  large  measure  of  expansion  and  a  high  pressure 
of  steam  a  form  of  engine  such  a6  is  represented  in 
jig.  37  may  be  employed.  This  engine  is  a  double 
cylinder  engine;  but  instead  of  the  pistons  being 
made  to  operate  on  the  same  erank,  as  in  ordinary 
double  cylinder  engines,  or  on  opposite  cranks,  as  in 
Messra.  Garrett,  Marshall  &  Co.'s  arrangement,  the 
cranks  are  set  at  right  angles  with  one  another,  so 
that  when  one  piston  is  at  its  dead  point  the  other  is 
exerting  its  greatest  power.*  The  small  cylinder, 
instead  of  discharging  directly  into  the  large  one> 
discbarges  into  a  reservoir  beneath  the  engine,  from 
which  reservoir  the  large  cylinder  is  fed ;  and  the 
equability  of  motion  proper  to  two  engines  working 
at  right  angles  is  thus  obtained,  with  a  large  measure 
of  expansion.  This  form  of  double  cylinder  engine 
appears  to  be  an  eligible  form  in  cases  in  which  two 
engines  are  necessary,  as  the  benefits  of  large  expan- 
sion are  obtained  without  greater  complication  than 
that  which  appertains  to  two  separate  engines  of  the 
common  kind. 

The  engines  shown  here  were  constructed  by 
Messrs.  Walter  May  &  Co.  of  Birmingham,  and  set 
to  work  in  the  International  Exhibition  of  1862.  The 
engines  were  made  from  the  design  of  Mr.  E.  A. 
Cowper,  by  whom  the  plan  was  invented  and  pa* 
tented.  These  engines  were  the  only  pair  that  was 
at  work  as  condensing  engines  in  the  Exhibition, 
owing  to  there  being  no  large  supply  of  cold  water 

*  This  arrangement  of  the  cranks  and  pistons  was  patented 
brCraddock  in  1844,  and  was  described  in  the  *Artizaa'aK 
that  time. 

g2 
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aTailable  for  condensing.  The  resource  by  which  they 
were  enabled  so  to  work  was  by  the  application  of 
Perkins'  Snrface  Evaporator  Condenser,  which  wa^ 
adopted  by  Messrs.  Walter  May  &  Co.  in  this  instance 
as  a  means  of  easily  obtaining  an  excellent  vacuum 
with  a  very  small  supply  of  water,  viz.  a  supply  equal 
only  to  the  quantity  of  water  used  in  the  form  of 
steam.  Mr.  Cowper's  engine  is  fitted  with  a  steam 
jacket,  and  the  steam  is  expanded  into  nine  times  its 
original  volume.  But  of  course  by  earlier  cutting  off, 
this  measure  of  expansion  may  be  increased  as  much 
as  may  be  desired.* 

Coniinuoui  Expansion  Engine.  In  Nicholson's 
oontinuoufi  expansion  engine  the  benefits  of  large  ex- 
pansion without  increased  complication,  or  the  necessity 
of  a  receiver,  are  obtained  by  admitting  the  steam  from 
the  boiler  into  only  one  cylinder  of  a  pair  of  engines ; 
and  when  half  the  stroke  has  been  performed,  and  the 
piston  of  the  other  engine  is  just  beginning  its  stroke 
and  therefore  requires  steam,  some  of  the  steam  from 
the  first  cylinder  is  allowed  to  enter  the  second  one, 
S9'that  the  second  cylinder  draws  its  steam  direct 
from  the  first,  instead  of  from  a  receiver ;  but  it  draws 
it  at  the  middle  of  the  stroke  instead  of  at  the  end. 
This  method  may  be  applied  easily  to  any  existing 

*  A  similar  arrangement  was  introdnced  by  me  into  a  steamer 
in  1859,  as  a  means  of  increasing  the  power  bj  the  addition  of 
low  pressare  cylinders  to  the  existing  high  pressure  ones.  The 
pftddle-wheels  were  not  connected  ;  and  one  high  and  one  low 
jvessiire  cjlinder  placed  nearly  at  right  angles  was  set  to  torn 
each  wheel  The  steam  passed  from  the  high  pressare  cylinder 
not  directly  into  the  low  pressure  one,  bat  into  a  reservoir  ythicb 
had  pipes  passing  through  it,  which  were  heated  by  the  escap^^ 
smoke  in  the  manner  steam  is  heated  in  a  superheater. 
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engines.  As  a  method  of  expansion  it  is  onlj  as 
efficacious  as  any  other  in  the  production  of  power. 
But  its  recommendation  lies  in  the  circumstance  that 
the  steam  maj  be  exhausted  direct  from  one  cylinder 
into  the  other,  although  the  cranks  are  at  right  angles, 
and  hence  a  large  measure  of  expansion  is  producible 
in  a  pair  of  engines  without  increased  complexity, 
without  any  risk  of  sticking  on  the  centre,  and 
with  adequate  equability  of  the  rotative  force. 

Chaplin^ 8  Vertical  Engine.  Fig.  38  is  a  representa- 
tion of  the  species  of  vertical  engine  and  boiler  con- 
structed by  Messrs.  Chaplin  &  Co.  of  Glasgow.  The 
waste  steam  maintains  a  strong  draught  in  the  furnace^ 
and  the  steam  is  superheated  somewhat  before  it 
enters  the  cylinder.  The  engine  and  boiler  are 
erected  upon  a  cast  iron  sole  plate  forming  the  ash 
pan,  and  into  which  water  may  be  poured  if  desired. 
In  some  cases  these  engines  are  made  with  double 
cylinders ;  and  besides  being  extensively  employed  for 
land  purposes,  they  have  been  largely  introduced 
into  ships  for  pumping,  hauling  ropes,  discharging 
cargo,  &c.  In  many  cases  they  are  combined  with  a 
steam  cooking  apparatus,  and  a  distilling  apparatus 
for  producing  fresh  from  salt  water;  and  the  same  fire 
which  heats  the  cooking  range  also  raises  the  steam 
in  the  boiler.  The  steam,  in  passing  into  the  vessel 
in  which  it  is  condensed,  sucks  in  sufficient  air  to 
aerate  the  water ;  and  after  being  filtered  by  a  filter 
attached  to  the  condenser,  it  is  then  ready  for  use.  In 
passenger  ships  the  engine  may  be  made  to  drive 
proper  ventilating  fans.  I  consider  that  every  ship 
ought  to  be  fitted  with  an    engine,    as  it  would 
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Fig.  3^. 


YnnoAL  Stiam  Bmoimi  bt  Cbaplin  and  Co.,  Qlamow, 
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increase  the  safety  of  the  ship,  reduce  the  labour, 
and  add  to  the  comfort  of  all  on  board,  while  it  also 
might  be  made  available,  with  a  simple  apparatus,  for 
the  slow  propulsion  of  the  ship  in  calms. 

Steam  Winches  and  Cranes.  Steam  winches  are 
now  very  commonly  employed  for  hoisting  the  cargo 
out  of  ships  ;  and  steam  cranes  have  also  obtained  a 
wide  introduction. 

Fig.  39  represents  Chaplin's  steam  crane  as  em- 
ployed at  the  Great  Exhibition  to  move  heavyweights. 
The  engine  and  boiler  help  to  counterbalance  the 
load,  and  they  swing  completely  round  the  central 
pillar.  The  jib  is  adjustable ;  and  the  operations  of 
hoisting,  lowering,  and  swinging,  are  all  performed 
by  the  engine.  The  best  form  of  steam  winch  that  I 
have  seen  is  that  constructed  by  Messrs.  Day  &  Co. 
at  Southampton. 

One  of  the  most  powerful  and  convenient  machines 
for  lifting  heavy  weights  yet  constructed  is  the  shears 
contrived  by  Mr.  Summers,  and  made  by  Messrs.  Day  8c 
Co.  for  the  docks  in  Southampton ;  and  several  similar 
shears  have  since  been  constructed  by  Messrs.  Day 
for  other  places.  The  legs  of  these  shears  are  formed 
of  boiler  plate,  and  there  are  two  legs  meeting  at  the 
top  in  the  usual  manner;  but  instead  of  the  back  chains 
and  guys  usually  employed,  there  is  a  third  or  back 
l^gs  by  moving  which  inwards,  the  top  of  the  shears 
is  bent  forward  ;  and  by  moving  which  outwards,  the 
top  of  the  shears  is  bent  back.  The  inward  or  outward 
motion  of  the  third  leg  on  the  ground  is  governed  by 
suitable  apparatus ;  but  that  to  which  the  preference 
is  given  is  a  great  screw  working  horizontally,  and 
drawing  in  or  out  the  leg  in  appropriate  guides.  The 
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Southampton  shears  have  lifted  as  much  as  100  tons; 
and  the  hoisting  and  lowering,  and  also  the  movement 
of  the  back  leg,  is  accomplished  bj  a  steam  engine. 
The  length  of  each  front  leg  is  1 10  feet.  The  form  is 
that  of  a  parabolic  spindle,  3  ft.  4  in.  diameter  in  the 
middle,  and  1  ft.  8  in.  at  the  ends.  The  length  of  the 
back  leg  is  140  ft.,  and  its  form  is  rectangular,  40  in. 
bj  46  in.  at  the  middle,  and  20  by  24  in.  at  the  ends. 
The  wrought  iron  screw  which  moves  the  back  leg  is 
8^  in.  diameter,  and  48  ft  3  in.  long.  ThiQ  screw 
moves  the  shears  at  the  rate  of  12  ft.  per  minute,  and 
its  weight  at  the  middle  is  carried  by  a  pendulum  prop, 
which  the  back  leg  moves  aside  as  it  passes.  The 
back  leg  is  held  down  by  the  flanges  of  the  grooves 
in  which  its  lower  end  works.  The  main  purchase 
blocks  consist  of  a  pair  of  4-sheave  blocks,  with  1^ 
chain-falls,  and  a  leading-block  above.  These  blocks 
are  used  for  all  weights  over  20  tons,  and  hoist  at  the 
rate  of  about  4  ft.  per  minute.  The  light  purchase- 
blocks  have  the  same  size  of  chain,  but  have  only  two 
sheaves  above  and  one  below.  The  engine  which 
works  this  gear  consumes  about  6  cwt  of  coal  in  the 
day ;  and  the  apparatus  has  been  very  successful  in 
enabling  a  great  deal  of  work  to  be  done  in  a  short 
time  with  superior  accuracy,  and  at  much  less  expense. 
Similar  shears  have  been  constructed  by  Messrs.  Day 
&  Co.  for  Hamburgh,  Bremen,  Bromley,  Woolwich, 
and  Holyhead. 

Steam  Riveting.  Cylindrical  boilers,  and  parts  of 
other  boilers,  are  now  very  generally  riveted  by  the 
riveting  machine,  of  which  there  are  two  forms — the 
one  in  which  the  die  which  forms  the  rivet  head  is 
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forced  forward  bj  a  cam,  in  the  same  manner  as  the 
punch  of  a  punching  machine,  and  the  other  in  which 
it  is  forced  forward  bj  a  piston  moving  in  a  cylinder, 
in  the  same  manner  as  a  steam  hammer.  The  latter 
species  of  machine  is  now  most  generally  used. 

The  first  machine-riveting,  so  far  as  I  am  aware, 
was  performed  by  myself  in  1834,  and  the  next  was 
performed  by  Mr.  Fairbairn,  who  employed  a  similar 
form  of  apparatus,  resembling  a  common  punching 
machine.  Garforth's  steam  hammer  apparatus  has 
this  advantage,  that  the  die  does  not  require  adjust- 
ment for  the  thickness  of  the  plate. 

Sieam  Hammers,  The  steam  hammer  was  suggested 
by  Watt,  but  was  brought  into  its  present  form  by 
Nasmyth,  whose  hammer  as  improved  by  Wilson  is 
represented  in  Jig.  40.  A  is  the  cylindrical  valve 
chest  by  moving  the  valve  in  which  the  steam  is 
let  in  above  or  below  the  piston,  and  the  hammer  is 
forced  up  or  down.  The  valve  is  worked  by 
the  short  horizontal  spindle  B  passing  through  a 
stuffing-box;  D  is  a  bracket  supporting  the  outer 
end  of  the  valve  spindle ;  e  is  a  balanced  lever,  jointed 
to  the  rod  f  passing  down  by  the  side  of  the  frame  to 
the  level  of  the  attendant's  hand.  This  rod  is  jointed 
at  G  to  the  bent  lever  h,  which  is  suspended  on  the 
stud  I,  and  which  terminates  in  a  handle  at  h.  By 
moving  this  handle  up  the  hammer  is  raised  up,  and 
by  moving  it  down  the  hammer  is  pressed  down ;  and 
in  order  that  the  inexperienced  workman  may  not 
move  it  too  far  down,  if  a  light  blow  is  wanted,  a 
guard  sector  j  is  placed  for  the  handle  to  move  in ;  and 
by  patting  the  pin  k  in  one  of  the  holes  of  the  sector. 


92     RECENT  UIPROVEIIENTS  IN  THE  STEAM  ENGINE. 


• 

n 

1 

0 

1 

'14 

N 

1 

8 

J^ 

n\ 

f 

^    1 

1 

iji 

1 

1 

J 

^ 

J 

m^-^ 

.    .-L^    . 

L:. 

NASMYTB't  Steam  Hammbr. 


COXDI£  S  FORM  OF   STEAM  HAMMER. 


93 


and  bringing  the  handle  down  to  the  pin,  the  proper 
blow  answering  to  that  position  of  Uie  handle  will 
be  obtained. 

The  steam  enters  from  the  boiler  through  the  pipe 
p,  and  there  is  a  throttle  valye  at  r,  which  is  adjust- 
able by  the  handle  t. 

In  Gondie's  steam  hammer  the  piston  is  stationary. 

Figs,  41  and  42. 


COKDIB'S  3^  CWT.  STBAM    HaUMBR,  BY  A.  C.  WVUB,  LoNOON. 


and  the  cylinder  moves ;  and  the  piston  rod  is  hollow 
and  serves  as  a  steam  pipe  to  let  the  steam  into  and  out 
of  the  cylinder.  Figs.  41, 42, 43,  and  44,  are  represen- 
tations of  Gondie's  Hammer^  y{^5.  41  and  42  being  front 
and  siide  views  of  a  3^  cwt.  hammer  intended  for  smith 
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work  for  light forgings;  hndj/igsAS  and  44  being  afront 
and  side  view  of  a  6  cwt  hammer  intended  for  heavier 

Figs.  43  and  44. 


CoNDiB*«  6  cwT.  Steam  Hammbb,  by  A.  C.  Wtlib,  London. 


smith  work  or  heavier  forgings.  In  both  of  these 
hammers  bars  of  any  length  may  be  welded,  either 
along  or  across  the  anvil,  and  in  the  3|  cwt.  hammer 
the  anvil  block  is  in  the  same  piece  as  the  framing. 
These  hammers  are  all  made  double  acting,  being 
pressed  down  as  well  as  raised  up  bj  the  steam ;  and  in 
practice  thej  have  been  found  to  act  in  a  highly 
satisfactory  manner.     Figs,  46  and  46  are  representa- 
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tioDS  of  the  species  of  self-acting  steam  hammer  con« 
Btructed  by  Messrs.  CaiTett  &  Marshall  of  Leeds, 
fig,  45  being  a  section  of  the  cylinder  and  slide  of  the 
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hammer,  and  fig.  46  a  perspective  view.  Infi^g,  45, 
A  is  the  cylinder,  b  is  the  piston,  and  c  its  rod ;  o 
is  the  regulating  stop-slide,  which  adjusts  the  stroke 
by  passing  steam  early  or  late  from  beneath  the 
piston  to  under  the  piston-slide-valve  d,  which 
reverses  the  action  of  the  steam  on  the  piston,  thus 
effecting*  the  down-stroke.     A  suitable  contraction 


Fig.  4fl, 


Self-aCTtkc  Steam  Hammbr  by  CAmtrrr,  BIamhall  and  Co.,  Lrbm. 
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of  the  passage  h  regulates  the  strength  of  blow.  The 
longer  hand-lever  regalates  the  stroke,  and  the  other 
the  strength  of  blow.    £  is  the  framing. 

In  this  hammer  the  steam  which  works  the  ham- 
mer performs  the  office  of  moving  the  valve,  being 
admitted  above  and  below  the  piston-slide-valve,  in 
the  requisite  quantity  and  for  a  suitable  period  of  time, 
to  give  any  required  stroke,  or  a  Ught  blow  with  lead, 
or  a  clear  heavy  bhw  without  lead,  retaining  the 
steam  upon  the  piston  until  the  blow  is  struck.  There 
b  a  separate  valve  for  working  the  hammer  by  hand. 

Fiffs*  47  and  48  are  representations  of  two  different 
classes  of  steam  hammer  constructed  by  Messrs. 
Thwaites  &  Carbutt  of  Bradford,  Jig.  47  being  the 
form  most  appropriate  for  small  hammers,  and  fig.  48 
that  most  appropriate  for  large.  Messrs.  Thwaites 
and  Carbutt  have  had  much  experience  in  the  construc- 
tion of  steam  hammers,  and  for  some  time  have  made 
nothing  else ;  and  they  state  that  they  find  that  the 
hammers  wrought  by  hand  are  preferred  and  are 
gradually  taking  the  place  of  those  wrought  by  self- 
acting  mechanism,  being  under  such  easy  and  ready 
control.  They  state  that  they  have  made  eighteen 
hammers  for  Messrs.  Brown  &  Co.  of  Sheffield,  the 
largest  of  which,  a  15  ton.  hammer,  was  made  with 
wrought  iron  standards,  and  that  they  have  now  made 
several  hammers  with  wrought  iron  standards,  and 
believe  that  this  method  of  construction  will  come 
into  general  use.  In  the  manufacture  of  the  Bessemer 
steel,  hammers  of  5,  8,  and  12  tons  are  habitually 
required.  When  the  standards  are  of  cast  iron,  the 
box  form  is  now  preferred  to  the  old  T  form,  and 
h 
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immense  strength  is  necessary  to  enable  the  hammer 
permanently  to  endure  the  heavy  shocks  to  which  it 

¥ig.  49. 


RiGB\'8  Steau  Hamubr  by  Glen  and  Ross,  Glasgow. 


is  exposed.  Messrs.  Thwaites  &  Carbutt  do  not  re- 
commend hammers  of  the  form  shown  in  Jig.  47  for 
larger  sizes  than  12  cwt.,  and  such  hammers  are  very 
suitable  for  the  work  of  the  smith's  shop.     But  above 
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that  weight  they  recommend  hammers  with  double 
staDdardSy  of  the  form  shown  in  fig.  48,  as  being 
firmer  and  stifier,  and  better  suited  for  heavy  work. 

Tig.  M). 


RiGBY*B  Stbax  Hammeb  bt  Glbn  and  Ross,  Glasgow. 

These  hammers  are  controlled  in  their  movements 
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hy  two  handles,  one  of  which  opens  or  shuts  the  stop 
valve,  while  the  other  gives  motion  to  the  working 
valve  by  which  the  steam  is  let  into  and  out  of  the 
cylinder.  This  last  valve  is  a  balanced  piston,  bo 
that  it  is  quite  easily  moved,  and  the  hammer  is  con- 
sequently under  ready  control 

Rigby's  steam  hammers,  as  constructed  by  Messrs. 
Glen  &  Ross  of  Glasgow,  and  represented  in^*.  49 
and  60,  have  obtained  a  very  wide  introduction,  and 
have  given  much  satisfaction  to  those  employing 
them.  Fig.  49  represents  the  form  of  hammer  ap- 
propriate for  light  work,  and  which  differs  from  the 
other  form  only  in  having  the  anvil-block,  sole-plate, 
and  standards  cast  in  one  piece.  Hammers  on  this 
construction  are  made  of  1,  2^,  and  4  cwt.  The  form 
of  hammer  represented  in^.  50  is  made  of  different 
weights,  from  6  to  30  cwt  The  hammer  is  urged  by 
the  steam  in  its  descent  as  well  as  by  gravity,  and 
works  with  great  rapidity  at  a  pressure  of  from  25  to 
30  lbs.,  which  pressure  should  not  be  exceeded. 

GIFFABD'S  INJECTOR  FOB  FEEDING  BOILERS. 

This  is  an  instrument  for  forcing  water  into  boilers 
by  means  of  a  jet  of  steam  proceeding  from  the  boiler 
itself;  and  its  action  is  somewhat  paradoxical,  as  it  is 
capable  of  sending  water  into  a  boiler  which  has  a 
considerably  greater  pressure  of  steam  than  that 
which  the  steam  comes  from.  The  feed  water  must 
'  not  be  hotter  than  120"  Fahrenheit,  to  enable  the 
injector  to  act ;  for  one  condition  of  its  action  is  that 
the  steam  shall  be  condensed ;  and  this  circumstance 
appears  likely  to  restrict  the  use  of  the  instrument— 


WATER  lUf  l!U 


k^ro  BOILER 

QiFFAU>*t  Imjbctok  bt  Shavp,  Stewart  and  Co.,  ^Iaxchmter. 
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unless  suitably  modified — ^as  the  feed  water  should. 
certainly  enter  the  boiler  at  the  boiling  point,  to 
which  it  should  be  raised  by  heat  otherwise  going  to 
waste.    In  this  injector  a  stream  of  steam  entering 
from  the  boiler  at  the  highest  nozzle,  represented  in 
fig.  51,  is  directed  upon  water  entering  the  instrument 
through  the  nozzle  next  below;  and  as  the  whole 
power  of  the  issuing  steam  has  been  expended  in 
giving  momentum  to  its  own  particles,  that  power, 
which  cannot  be  destroyed,  reappears  as  increased 
pressure,    and   forces    the   water   into   the  boiler.* 
Should  the  water  be  shut  off  from  the  boiler  as  not 
being  required,  then  it  escapes,  by  the  nozzle  next 
beneath,  through  a  loaded  valve  of  the  usual  kind ;  an<1 
the  valve  at  the  bottom  of  the  instrument  prevents 
the  return  of  the  water  when  the  instrument  is  not  in 
use.     The  advantage  of  this  apparatus  is  that  it  gets 
rid  of  the  feed  pump  with  its  valves,  which  have  been 
a  source  of  constant  trouble  in  engines  working  at 
a  high  speed.    But  unless  it  can  be  so  modified  as  to 
send  the  feed  water  into  the  boiler  at  the  boiling 
point  to  which  it  will  be  heated  by  the  waste  heat 
of  the  engine,  I  do  not  see  how  this  injector  can  be 
retained  as  a  main  feeding  instrument,  though  it  will 
always  be  valuable  as  an  auxiliary. 

The  sizes  and  prices  of  different  injectors,  proper  for 
sending  any  desired  number  of  gallons  of  water  into 
a  boiler  in  the  hour,  are  given  in  the  following 
table :  — 

♦  The  injector  is  virtually  a  hydraalic  ram  reversed,  in  which 
the  small  quantity  of  water  in  the  steam,  moving  at  a  high 
velocity,  forces  a  larger  quantity  of  water  against  a  lower  head. 
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The  construction  of  these  injectors  is  a  special 
branch  of  manufacture ;  and  in  applying  to  the  manu- 
facturer for  any  suitable  size,  it  is  necessary  to  state 
the  number  and  description  of  the  boilers  for  which 
the  injectors  are  intended,  and  also  to  state  whether 
they  are  to  have  a  brass  or  cast  iron  casing,  as  this 
last  condition  will  affect  the  price.* 

Delabarre*8  Steam  Jet.  This  is  an  arrangement  for 
increasing  the  efficiency  of  a  steam  jet  in  chimneys. 
Tlie  jet  orifice  is  surrounded  by  a  short  piece  of  pipe 
of  larger  diameter,  and  it  by  another  short  piece  of 
still  larger  diameter,  and  it  by  another  short  piece 
still  larger,  and  so  on  as  far  as  is  deemed  desirable. 
These  short  pieces  of  pipe  are  all  open  at  each  end 
like  ferrules,  and  the  length  of  each  is  about  equal  to 
its  diameter.  The  bottom  of  each  is  set  on  a  level 
with  the  top  of  the  preceding  one,  and  the  bottom  of 
each  is  slightly  belled  out  to  intercept  the  smoke.  A 
jet  of  this  kind  placed  in  a  chimney  is  believed  to  be 
more  effectual  than  a  common  jet,  which  will  ascend 
the  centre  of  the  chimney  without  much  affecting  the 
surrounding  smoke;  whereas  by  this  arrangement  each 
succeeding  pipe  transforms  the  jet  preceding  it  into  a 

*  The  following  formula  is  given  for  determining  the  size  or 
delivery  of  a  Giffard's  injector :  If  p  be  the  pressure  of  the 
steam  in  atmospheres,  d  the  diameter  of  the  throat  in  inches, 
and  G  the  number  of  gallons  delivered  per  hour,  then  o-a 

(68-4  d)  •v'p  and  d  =  '0158     >^-2_    Thus  if  the  pressure  of 
steam  be  60  lbs.  or  4  atmospheres,  and  the  number  of  gallons  to 

be  delivered  per  hour  be  308,  then  -0158     /22?«  '0158 -/154 

^   ^\ 
»'0158x  I2*4=:*19592»diameter  in  inchc8»5  millimetres,  as 
in  the  table. 
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new  jet  of  less  Telocity  and  larger  Tolttme»  until  at 
IcDgtii  the  whole  column  of  smoke  in  the  chimney  is 
broaght  under  the  influence  of  the  central  jet 

On  the  benefit  of  Steam  Jackets.  The  benefit  of 
steam  jackets  round  cylinders  was  ascertained  by 
Watt,  and  such  jackets  were  habitually  used  by  him. 
But  among  succeeding  engineers,  jackets  fell  into 
disuse,  as  it  was  hastily  and  erroneously  concluded 
thai  the  waste  by  radiation  was  the  only  loss  in« 
ddent  to  the  cooling  of  the  cylinder,  and  that  this 
loss  would  be  as  great  in  the  jacket  as  in  the  cylinder. 
This  error  has  now  been  for  some  years  exploded. 
NoTertheless,  although  some  few  engineers  have  long 
urged  the  application  of  steam  jackets  to  marine  and 
locomotive  engines,  it  is  only  very  recently  that 
jackets  have  been  adopted  by  the  best  marine  engine 
builders, and  they  are  not  even  yet  used  in  locomotives. 
One  reason  of  this  tardiness  of  amelioration  is  no 
doubt  the  fact,  that  steam  jackets  add  something 
to  the  cost  of  the  engine ;  and  their  full  value,  more- 
OTer,  has  not  been  sufficiently  known  or  understood, 
since  the  whole  question  has  been  believed  to  be  one 
of  radiation,  whereas  the  loss  is  by  no  means  rneasur- 
able  by  the  loss  from  radiation,  but  is  a  much  larger 
loss,  and  arises  from  the  fact  of  the  inner  surface  of 
the  cylinder  being  cooled  and  heated  by  the  steam  at 
every  stroke  of  the  engine.  This  action  is  clearly 
demonstrated  by  a  set  of  indicator  figures  taken  in 
1848,  and  kindly  lent  to  me  by  Mr.  E.  A.  Gowper.  Four 
of  these  diagrams  are  represented  in^j.  52,  53,  54, 
and  55f  and  they  show  Uie  pressure  really  attained, 
together  with  the  true  expansion  curve  for  the  whole 
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quantitj  of  steam  that  entered  the  cylinder,  dotted  in, 
and  which  dotted  curve  woald  have  been  described 

Fig,  52. 


*^"3 

ID- 

r^x 

> 

^^, 

■^T 

\\ 

10-^ 

\\ 

NX 

^^^ 

"^~' 

H 

\  ,- 

Diagram  shovtino  Loss  bt  Cooling. 
Fig,f^ 


! 

1 

1 

1 

1 

\\ 

1 

■  "V 

)ltl 

Diagram  shuwimo  Loss  bt  Cooling. 

if  the  cylinder  had  been  jacketed.      The  difference 
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between  these  curves  represents  the  amount  of  loss 
from  the  want  of  the  steam  jacket ;  and  in^  52  this 
loss  amounts  to  11*7  per  cent. ;  in  Jig.  53  to  19'66  per 

Fig,  M. 
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Diagram  sbowimo  Lom  by  Cuolino. 
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cent,  there  being  rather  more  variation  of  temperature 
in  this  case,  owing  to  there  being  more  expansion  ; 
in  fig.  54  the  loss  is  27 '27  per  cent ;  whilst  \x^Jig. 
55  the  loss  rises  to  the  formidable  proportions  of 
44*58    per   cent.      This  loss  is  caused  bj  the   cir- 
cumstance that  the  mass  of  the  cylinder  must  remain 
at  the  average  temperature  intermediate  between  the 
highest  and  the  lowest  temperatures  of  the  steam  ; 
so  that  when  high  pressure  steam,  which  also  has  a 
high  temperature,  enters  the  cylinder,  a  considerable 
quantity  of  steam  is  at  once  condensed,  owing  to  the 
abstraction  of  heat  by  the  metal,  and  also  to  the  trans- 
formation of  a  part  of  the  heat  into  mechanical  power. 
So  soon  as  the  steam  is  cut  off  and  allowed  to  expand,  it 
falls  much  more  rapidly  in  pressure  than  answers  to  ita 
augmented  volume,  owing  to  still  more  of  it  being  con- 
densed into  water.     The  action  of  the  steam  is  to  heat 
the  inner  surface  of  the  cylinder ;  and  towards  the  end 
of  the  stroke,  when  the  steam  is  much  lower  in  pres- 
sure, and  consequently  in  temperature,  than  it  was  at 
first,  the  temperature  of  the  cylinder  relatively  with  it 
is  sufficiently  high  to  boil  off  the  water  that  was  con- 
densed from  the  steam  as  it  entered  the  cylinder ;  and 
such  water  becoming  steam  causes  the  pressure  to 
rise,  and  thus  the  curve  approaches  the  true  expansion 
curve  at  the  end  of  the  stroke.     The  cylinder  is 
cooled  by  the  loss  of  the  heat  used  in  boiling  off  the 
water  shut  within  it,  and  the  cooled  cylinder  condenses 
the  next  volume  of  steam  that  enters  to  perform  the 
next  stroke.     Thus  it  follows,  that  without  steam 
]ackets  a  large  quantity  of  steam  passes  through  the 
cylinder  in  the  form  of  water,  without  doing  work ; 
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whereas  if  the  cjlioder  is  steam  jacketed,  no  con- 
densation takes  place,  and  the  whole  steam  does 
its  fall  duty  according  to  the  degree  to  which  it  is 
expanded.  Indeed,  without  steam  jackets,  or  hot  air 
jackets^  or  other  equivalent  means  of  keeping  up  the 
temperature  of  the  cylinder,  it  will  follow  that  the 
cjlinder  will  act  to  some  extent  as  a  condenser  at  the 
beginning  of  the  stroke,  and  as  a  boiler  at  the  end  of 
the  stroke^ 

KABINE  ENGINES. 

In  illustrating  the  special  features  of  'the  various 
forms  of  marine  engines  of  modem  construction,  the 
most  convenient  course  will  be  to  take  an  example 
of  an  engine  by  each  principal  maker,  and  to  describe 
its  structure  and  peculiarities.  A  tolerably  just  con- 
ception will  thus  be  arrived  at  of  the  present  condition 
of  marine  engineering  in  this  country  in  its  most  per- 
fect form,  care  being  taken  that  the  examples  selected 
are  good  and  recent  examples  of  their  several  kinds. 

BouUon  4*  fFatt  The  example  of  modern  engines 
by  these  makers  that  I  shall  select  is  the  oscillating 
paddle  engines  of  the  Holyhead  steamers,  Ulster 
and  Munster ;  for  although  I  might  have  selected  a 
still  more  recent  example,  I  could  not  have  selected  a 
more  perfect  one.  These  vessels  have  now  been 
plying  regularly  across  the  channel  at  all  seasons  for 
a  sufficient  time  thoroughly  to  test  their  qualities,  and 
they  have  been  found  to  maintain  a  very  high  speed 
and  to  work  in  a  most  satisfactory  manner.  The 
vessels  are  each  328  ft  long,  with  Z6  ft.  breadth  of 
beam,  21  ft  depth  of  hold,  and  they  each  measure 
about  2,000  tons,  builder's  measurement  Each  vessel 
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is  propelled  by  two  oscillating  engines  of  96  in. 
diameter  of  cylinder,  and  7  ft.  stroke.  The  pressure  of 
steam  in  the  boiler  is  26  lbs.  per  sq.  in.  The  nominal 
power  of  each  pair  of  engines  by  the  Admiralty  rule 
is  750  horses.  They  make  23  strokes  per  minute,  and 
they  work  up  to  4,100  actual  or  indicated  horses  power. 
The  boilers  are  tubular  boilers  with  iron  tubes; 
they  are  made  in  eight  parts,  and  contain  in  all  48 
furnaces.  The  total  heating  surface  of  the  boiler  is 
18,400  sq.  feet,  and  the  total  area  of  grate  bars  is 
840  sq.  ft.  The  area  of  the  immersed  midship  section 
of  the  vessel  is  350  sq.  ft.  and  the  coefficient  of  per- 
formance 860.  The  draught  of  water  of  each  of 
the  vessels  when  launched  was :  forward,  9  ft.  3  in.  ; 
and  aft,  8  ft.  2  in.  The  draught  of  water  with  the 
engines,  boilers,  masts,  and  fittings,  on  board,  but 
without  water  in  the  boilers,  was,  forward,  12  ft,  and 
aft,  12  ft.  6  in.  The  draught  of  water  when  ready  for 
sea,  and  complete  with  stores,  and  75  tons  of  coals, 
was,  forward,  13  ft.,  and  aft,  13  ft.  4  in.  The  weight 
of  the  engines  is  220  tons,  of  the  boilers  230  tons, 
of  the  water  in  the  boilers,  170  tons,  and  of  the 
paddle  wheels,  1 10  tons :  making  a  total  weight  of 
730  tons,  or  nearly  1  ton  per  nominal  horse  power. 
The  pistons  are  each  made  with  a  metallic  ring 
pressed  out  by  springs.  The  average  pressure  on  the 
piston  is  28*77  lbs.  per  sq.  in.  The  total  number  of 
tubes  in  the  boilers  4,2^,  of  2^  in.  diameter,  5  ft. 
3  in.  long,  and  ^th  thick.  The  tube  plates  are  of 
iron  I  in.  thick,  and  the  tubes  are  1;^  in.  distant  from 
each  other.  The  length  of  each  furnace  is  7  ft., 
and  its  breadth   2^  ft.      There    are    two  sets    of 


EXAMPLES  OF  BEST  MABINE   ENGINES.  113 

boilers  in  eaeh  vessel,  one  before  and  the  other 
behind  the  engines,  and  each  set  has  a  chimney 
7^  ft  diameter  and  44^  ft.  high  above  the  grates.  The 
paddle  wheels  are,  feathering,  33  ft.  9  in.  diameter 
to  the  inner  edge  of  the  outer  ring.  There  are  14 
floats  in  each  wheel,  and  each  float  is  4  ft.  deep  and 
12  ft.  long.  The  dip  of  the  wheels  is  5  ft  9  in.  at 
deep  draught.  The  steam  is  superheated  hj  passing 
up  and  down  through  annular  steam  chests  surround- 
ing the  chimneys,  divisions  being  introduced  into  the 
annular  space  to  compel  the  steam  to  ascend  and 
descend  before  escaping  to  the  steam  pipe.  A  similar 
arrangement  had  been  introduced  by  me  into  the 
Don  Juan  steamer  as  far  back  as  1836.  These 
vessels,  and  two  similar  vessels,  the  Leinster  and  Con- 
naaght,  the  engines  of  which  were  constructed  by 
Messrs.  Ravenhill,  Salkeld  &  Co.,  have  realised  a 
speed  of  upwards  of  20  miles  an  hour,  and  an  average 
speed  in  all  weathers,  during  the  first  six  winter 
months,  of  18  miles  an  hour.  In  the  Leinster  and 
Connaught  the  cylinders  are  98  in.  diameter,  and 
6  ft  6  in.  stroke,  and  the  engines  are  rated  at  720 
nominal  horses  power,  but  are  in  reality  770  nominal 
horses  power.  There  are  eight  boilers,  containing  40 
famaces  and  4176  tubes,  and  a  total  heating  surface 
of  16,800  sq.  ft.  At  the  official  trial  the  engines,  with 
a  pressure  of  steam  of  20  lbs.,  made  from  26  to  26  re- 
volutions per  minute,  and  exerted  4,761  actual  horses 
power.  The  consumption  of  fuel  is  about  3  lbs.  per 
indicated  horse  power  per  hour. 

John  Penn  ^  Son,    The  engines  of  these  makers 
which  I  shall  select  for  illustration  are  the  engines  of 
i 
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the  Warrior,  Black  Prince,  and  Achilles — all  hori- 
zontal trunk  engines  of  the  construction  represented 
at  page  79  of  mj  '  Catechism  of  the  Steam  Engine.' 

These  engines  are  each  of  1,250  horse-power,  and 
notwithstanding  their  immense  size,  they  are  distin- 
guished by  the  same  beauty  and  accuracy  of  work- 
manship for  which  Messrs.  Penn*8  engines  have  long 
been  famous.  The  cylinders  are  of  1 12  in.  in  diameter, 
and  4  ft.  stroke.  The  trunks  are  of  41  in.  diameter, 
which  reduces  the  effective  diameter  of  the  cylinders 
to  104|  in.  The  air  pumps  are  double  acting,  36  in. 
diameter,  and  4  ft.  stroke.  The  feed  and  bilge  pumps 
are  7j|  in.  diameter;  the  crank  shaft  is  of  19  in. 
diameter,  and  the  screw  shafting  is  of  17  in.  diameter. 
The  screw,  which  is  on  Griffith's  plan,  is  24^  ft. 
diameter,  and  30  ft.  pitch.  There  are  two  engines  in 
each  vessel,  and  they  make  about  45  revolutions  per 
minute  ;  there  are  10  boilers  in  each  vessel,  and  each 
of  these  boilers  has  4  furnaces  in  it  7  ft  3  in.  long, 
and  3  ft.  wide.  The  tubes  are  of  brass,  2|  outside 
diameter,  and  6  ft  8  in.  long,  and  there  are  440  tubes 
in  each  boiler,  or  4,400  tubes  in  all.  The  smoke  is 
carried  off  by  two  funnels  on  the  telescopic  principle, 
7  ft  6  in.  diameter,  and  54  ft  above  the  bars  of  the 
grate. 

The  Warrior  and  Black  Prince  are  both  iron  vessels 
of  6,039  tons  burden,  built  of  iron,  and  covered  with 
two  thicknesses  of  teak,  over  which  are  bolted  armour 
plates  of  iron  4  in.  thick,  and  ploughed  and  tongued 
at  the  edges  to  enable  each  plate  to  give  mutual  sup- 
port to  those  next  it  in  the  event  of  strain  or  shock. 
With  an  immersed  midship  section  of  1,200  sq.  ft.. 
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and  a  pressure  of  steam  in  the  boilers  of  22  lbs.  per 
sq.  in.  these  vessels  exerted  about  5,400  actual  horse- 
power, and  attained  a  speed  of  14^  knots— the  en- 
gines making  55  revolutions  per  minute. 

Messrs.  BavenhiU,  Salkeld  ^  Co.  The  form  of 
screw  engines  employed  by  Messrs.  Ravenhill,  Salkeld 
h  Ca  is  represented  in  ^.  56.  This  form  of 
engine  is  a  horizontal  steeple  engine  of  the  same  tjpe 
as  that  of  the  Amphion,  the  engines  of  which,  designed 
hy  the  late  Mr.  Holm,*  were  constructed  by  Messrs. 
Miller,  Bavenhill  &  Co.  The  Amphion  was  the  first 
vessel  built  in  this  country  with  the  engines  below  the 
water-line ;  and  the  species  of  engine  with  which  she 
was  fitted  appears  to  me  the  best  species  of  screw  engine 
yet  introduced,  and  one  which  perfectly  satisfies*  the 
existing  necessities  of  screw  propulsion.  There  were 
faults  of  detail  in  the  engines  of  the  Amphion  which 
have  been  subsequently  corrected;  and  in  the  best 
examples  of  this  form  of  engine  a  very  perfect  result 
islszhibited. 

In  the  example  shown  in  Jig.  56  there  are  two 
cylinders  placed  side  by  side  with  their  axes  running 
aUiwart-ships  in  the  vessel ;  and  the  cylinders  are  on 
one  side  of  the  vessel,  and  the  condensers  and  air  pumps 
on  the  other  side.  Two  great  pipes  extending  across 
the  engine  conduct  the  exhaust  steam  from  the  cylin- 
ders to  the  condensers.  There  are  two  long  piston 
rods  passing  one  above  the  shaft  and  the  other  below 
to  the  cross  head  which  moves  in  guides  on  top  of  the 

*  The  engines  of  the  French  frigate  Pomone  were  also  de- 
ngned  by  Mr.  Hohn,  who  was  a  Swedish  engineer  of  great 
ability. 

is 
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condenser,  and  from  which  a  return  connecting  rod 
proceeds  to  the  crank  to  turtt  it  round.  The  various 
subordinate  features  of  the  arrangement  are  made  so 
phiin  by  a  reference  to  the  drawing  that  it  is  needless 
to  enlarge  on  them  further. 

Maudxlay,  Sans  ^  Field.  Messrs.  Maudslaj  and 
Field  have  long  employed  a  species  of  engine  similar 
to  the  foregoing ;  but  latterly  they  have  made  their 
screw  engines  with  three  cylinders  instead  of  two,  with 
the  object  of  reconciling  equability  of  motion  with 
a  high  speed  and  a  large  measure  of  expansion.  The 
aggregate  capacity  of  these  three  cylinders  is  about 
half  or  three  quarters  larger.than  the  two  ordinarily 
used  for  the  same  power.  This  is  for  the  purpose  of 
using  the  steam  more  expansively.  The  steam  is 
shut  off  much  earlier  in  the  stroke  than  heretofore. 
Six  efforts  are  given  in  each  revolution,  which  gives 
more  uniform  motion  to  the  screw  shaft,  and  the  whole 
is  so  completely  balanced  that  the  unpleasant  agitation 
felt  in  screw  vessels  at  high  speeds  is  entirely  removed. 
The  steam  is  superheated ;  iJie  cylinders  are  cased  all 
round  and  at  both  ends,  and  this  case  is  filled  with 
superheated  steam,  which  keeps  the  cylinder  up  to  the 
maximum  temperature.  The  steam  is  condensed  by 
surface  condensers,  having  small  perpendicular  tubes 
— the  cooling  surface  being  about  the  same  as  the 
heating  surface  of  the  boiler.  A  still  is  provided 
to  make  up  the  waste.  The  cold  water  is  forced 
amongst  the  outsides  of  the  tubes  by  a  pump,  and 
is  so  directed  that  it  all  enters  at  the  lower  edge  all 
round,  and  also  in  the  centre  of  the  cluster ;  then 
rising  it  is  driven  out  at  the  upper  edge  of  the  tubes. 
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The  superheatiiig  apparatus  is  composed  of  a  number 
of  horizontal  tubes  round  at  the  end  where  they  are 
fitted  into  a  tube  plate,  but  flattened  throughout  the 
greater  part  of  their  length.  By  these  means  the 
steam  is  greatly  subdivided,  and  more  effectually  pre- 
sented to  the  action  of  the  heat,  and  more  room  is  also 
afforded  for  the  smoke  to  pass  between  them.  To 
enable  any  of  the  tubes  to  be  replaced  when  worn  or 
leaky,  the  central  tube  of  each  group  of  nine  is  made 
oval  at  one  end,  to  admit  of  any  of  the  nine  tubes  of 
the  group  being  introduced  or  withdrawn.  One  end 
of  the  tube  intended  to  fit  this  hole  has  a  flange  and 
is  fitted  with  four  screws. 

The  boilers  are  of  the  usual  tubular  kind;  they 
work  at  20  to  25  lbs.  pressure.  The  feed  water  is 
heated  in  its  passage  back  into  the  boiler.  Care  has 
been  taken  that  there  should  be  as  little  waste  of  steam 
as  possible  in  the  passages  between  the  slide  and  the 
cylinder;  and  the  length  of  this  passage  is  reduced  by 
using  two  small  slides  instead  of  one  large  one  to  each 
cylinder.  The  expansion  is  effected  by  the  slide 
alone.  The  slide  valves,  which  are  long  and  three- 
ported,  are  moved  by  a  three-throw  crank  or  eccen- 
tric ;  and  the  openings  are  large,  while  the  travel  is 
very  small.  The  eccentrics  are  driven  by  a  small 
spur  wheel  on  the  main  shaft,  and  a  similar  wheel  on 
the  eccentric  shaft.  These  wheels  are  connected  by  a 
pair  of  intermediate  wheels  fixed  in  a  rising  and 
falling  frame.  The  elevation  or  depression  of  these 
wheels  has  the  effect  of  altering  the  position  of  the 
eccentrics  relatively  with  that  of  the  main  crank,  and 
thus  effects  the  forward  and  backward  motion  of  the 


KAPIER's   side  LEYER  AlfD   STEEPLE   ENGINE.    119 

engine ;  and  it  also  adjusts  the  degree  of  expansion 
irithin  the  limits  of  ^th  and  ^th  of  the  stroke.  This 
engine  combines  all  the  well-established  sources  of 
economy  in  the  steam  engine.  The  workmanship  is 
of  the  very  first  quality ;  and  the  whole  is  of  great 
strength  and  solidity.  The  thrust  bearing  is  formed 
of  collars  on  the  shaft,  but  set  wider  apart  than  is 
usual ;  and  each  collar  has  a  horse-shoe  plate  applied 
to  it  to  take  a  proportion  of  the  thrust.  There  are 
5  or  6  of  these  collars  and  plates ;  each  plate  is  ad- 
justable by  screws  and  admits  of  being  separately 
taken  out  and  replaced,  and  this  can  be  done  while 
the  engine  is  working.  A  set  of  these  engines  of 
600  horse-power  has  been  fitted  by  Messrs.  Maudslay 
in  the  steam  frigate  Octavia.  Each  of  the  three 
cjlinders  is  66  in.  diameter,  and  the  length  of  the 
stroke  is  3  ft  6  in.  The  valves  are  double-ported ; 
each  condenser  is  fitted  with  5-^  miles  of  ^in.  cop- 
per tnbing  (No.  18  wire  gauge),  and  the  circulating 
pumps,  which  are  fitted  with  lignum  vit(B  packing,  are 
worked  by  arms  from  the  cross-heads.  The  Octavia 
is  a  vessel  of  3,161  tons;  and  at  the  official  trial  in 
1861  she  realised  a  speed  of  12^  knots  with  a  dis- 
placement of  2,921  tons,  an  immersed  midship  sec- 
tion of  5o2  sq.  ft.,  a  pressure  of  steam  of  20  lbs.,  69^ 
revolutions,  and  an  indicated  power  of  2,265  horses. 
The  consumption  of  coal  was  only  2\  lbs.  per  indicated 
horse  power. 

Messrs.  Robert  Napier  8f  Sons,  The  engines  of 
the  steamer  Scotia  for  the  Cunard  line,  by  Messrs. 
Napier  of  Glasgow,  are  of  the  side  lever  description, 
and  the  cylinders  are  100  in.  in  diameter,  and  12  ft. 
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stroke.  The  parts  of  these  engines  are  of  enormous 
strength,  and  their  general  configuration  is  the  same 
as  that  of  the  side-lever  engines  usually  constructed 
bj  Messrs.  Napier,  except  that  the  side  levers  are  of 
wrought  iron,  and  the  slide  valves,  which  are  of  the 
short  D  kind,  connected  with  three  rods,  have  metallic 
packing  at  the  back,  consisting  of  a  cast  iron  segment 
cut  obliquely  at  the  centre,  and  accurately  fitted  to 
the  back  of  the  valve.  There  are  two  such  segments 
opposite  to  each  port  with  a  space  between  them  equal 
to  the  depth  of  the  port,  the  purpose  of  which  is  to 
put  the  valve  into  equilibrium,  whereby  it  is  more 
easily  worked.  This  improvement  is  due  to  Mr. 
Waddell ;  and  it  has  been  found  to  be  useful  and 
efficient  in  practice.  The  sole  plate,  condenser,  and 
air  pump  of  each  engine  are  all  cast  in  one  piece ;  and 
the  air  pumps  after  being  bored  out  are  lined  with 
brass  chambers.  The  cylinders  are  formed  with 
double  bottoms,  and  the  whole  structure  of  the  engine 
is  of  the  most  conscientious  and  substantial  character. 
One  form  of  screw  engine  employed  by  Messrs. 
Napier  is  the  horizontal  steeple  kind  very  similar  to 
that  employed  by  Messrs.  Bavenhill  and  Messrs. 
Maudslay.  But  they  also  occasionally  use,  in  the  case 
of  merchant  steamers,  inverted  engines  of  the  forge 
hammer  type  similar  to  those  employed  by  Messrs. 
Caird,  of  which  a  description  is  given  at  page  126. 
An  example  of  Messrs.  Napier's  horizontal  engine  is 
given  mjfig.  67,  which  is  a  representation  of  the  en- 
gines of  the  armour-plated  steamer  Rolf  Krake,  con- 
structed by  Messrs*  Napier  &  Sons  for  the  Danish 
navy.  In  the  first  examples  of  this  species  of  engine, 
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constructed  by  Messrs.  Napier,  the  piston  rods,  in- 
stead of  being  attached  to  a  cross  head  moving  in 
gaidesy  were  attached  to  a  great  plnnger  which  con- 
stituted the  backet  of  the  air  pump ;  and  from  the 
bottom  of  this  plunger,  which  was  cast  open  at  one 
end  like  a  trunk,  the  connecting  rod  proceeded  to  turn 
the  crank.  But  this  plan  is  much  inferior  in  simpli- 
city and  eligibility  to  that  which  Messrs.  Napier  have 
since  adopted,  as  shown  in  fig,  67,  and  which,  in  the 
application  of  counterweights  and  otherwise,  resembles 
the  form  of  engine  introduced  by  me  in  1852. 

Messrs.  Day  ^  Co.  The  screw  engine  of  Messrs. 
Day  &  Go.  of  Southampton  is  also  of  the  horizontal 
steeple  variety,  but  in  most  of  the  details  it  is  the 
most  judiciously  arranged  engine  I  have  met  with. 
A  representation  of  Messrs.  Day's  engine  is  given  in 
fig.  68,  which  is  engraved  from  a  photograph  of  the 
engines  of  the  steam  screw  yacht  Brilliant,  of  100 
horse  power,  constructed  by  Messrs.  Day.  This 
vessel  is  191  ft.  long,  21  fb.  broad,  and  of  419 
tons  builder's  measurement.  There  are  two  engines, 
each  with  a  cylinder  40  in.  diameter,  and  2  ft.  stroke ; 
and  with  a  pressure  of  steam  in  the  boiler  of  20  lbs., 
and  a  vacuum  in  the  condenser  of  27  in.  of  mercury. 
The  engines  make  90  revolutions  per  minute,  and  exert 
610  horse  power.  Fig,  69  contains  two  indicator 
diagrams  taken  from  one  of  the  engines,  one  diagram 
being  taken  from  the  cylinder  on  one  side  of  the 
piston  and  the  other  diagram  from  the  other  side. 

It  will  be  seen  by  a  reference  to^^.  68  that  the 
cylinders  lie  on  the  one  side  of  the  screw  shaft,  and 
the  condensers  on  the  other,  as  is  the  common  arrange- 
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ment  in  this  class  of  engine,  and  a  single  pipe , 
conducts  the  exhaust  steam  from  the  cylinder  to  the 
condenser.  The  cylinders  are  cast  with  a  square  box 
around  them,  which  is  filled  with  steam  from  the 
boiler ;  but  the  upper  part  of  the  space  between  this 
box  and  the  cylinders  constitutes  a  passage  for  the 
exhaust  steam,  and  is  consequently  separated  from 
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Indicator  Duorahs  prom  Enoinrs  op  Scrrw  Steam  Yaout  Brilliant, 
BY  Mrurs.  Day  k  Co.,  Southampton. 

the  rest  of  the  box  by  a  proper  partition.  The  box 
itself  is  lagged  to  prevent  the  dispersion  of  the  heat. 
The  condenser  stands  between  the  guides  of  the  two 
engines,  in  which  situation  it  is  quite  out  of  the  way, 
and  leaves  the  guides  perfectly  accessible*  Messrs. 
Day  &  Co.  very  generally  employ  surface  condensers^ 
but  they  are  so  compact  that  their  presence  is  scarcely 
known  by  any  external  sign  ;  and  by  merely  opening 
a  communication  valve  they  may  at  any  time  be  con- 
verted almost  instantly  into  common  condensers.  The 
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air  pump  of  one  engine  acts  as  a  circulating  pump  for 
the  refrigerating  water ;  and  the  water  is  sometimes 
drawn  through  the  tubes  and  sometimes  forced.  The 
other  air  pump  more  than  suffices  to  pump  out  the 
small  quantity  of  water  arising  from  the  condensa- 
tion of  the  steam ;  and  the  two  air  pumps  are  at  any 
time  available  for  their  ordinary  duties,  should  the 
condensation  by  jet  be  at  any  time  resumed. 

Messrs.  Humphrys  Sf  TennanU  These  makers 
generally  employ  double-cylinder  engines,  which  in 
some  cases,  as  in  that  of  the  Moultan,  are  vertical,  and 
in  other  cases,  like  that  of  the  Poonah,  are  horizontal. 
In  the  engines  of  the  Moultan,  the  cylinders  .are 
inverted,  and  stand  above  the  screw  shaft ;  and  the 
connecting  rods,  which  are  jointed  to  the  ends  of  the 
piston  rods  as  in  locomotives,  work  down  to  the  shaft. 
There  are  two  large  cylinders,  and  two  small  ones, 
the  large  cylinders  being  96  in.  diameter,  and  the 
gnall  ones  43  in.  The  stroke  of  both  is  3  ft.  The 
two  pistons  are  fixed  on  one  rod,  vertically  over  each 
other.  The  total  heating  surface  in  the  boilers  is  about 
12  sq.  ft.  per  nominal  horse  power.  The  engines  are 
fitted  with  Hall's  surface  condensers  containing  about 
the  same  surface  as  the  boilers ;  and  the  cold  water  is 
caused  to  flow  through  them  by  a  centrifugal  pump  on 
Appold's  system,  made  by  Easton  &  Amos.  The 
boilers  are  also  provided  with  Lamb's  superheating 
apparatus,  which  contains  about  3-^  sq.  ft.  of  surface 
per  nominal  horse  power.  The  engines  of  the 
Poonah  are  similar  to  the  foregoing,  only  horizontal. 
In  Messrs.  Humphry's  recent  horizontal  engines, 
the  air  pump,  which  is  also  horizontal,  and  is  placed 
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beneath  the  condenser,  is  so  constructed  as  to  drain 
the  condenser  completely  at  every  stroke;  and  the 
pump  barrel  is  at  all  times  filled  with  water,  which 
being  pressed  bj  the  air  pump  piston,  displaces  the 
water  which  last  entered. 

Messrs,  Caird  ^  Co,  In  their  recent  examples  of 
screw  engines,  Messrs.  Caird  &  Co.  of  Greenock  have 
introduced  surface  condensers  and  other  expedients 
to  promote  economy  of  fueL  The  following  are  the 
principal  particulars  of  the  steamer  Hansa,  built  to 
ply  between  Bremen  and  America : — ^The  engines  are 
direct  acting,  having  inverted  cylinders  of  80  in. 
diameter,  with  a  stroke  of  3  ft.  6  in.  The  slide  valves 
are  double-ported,  worked  with  a  link  motion,  and 
having  a  variable  grated  expansion  valve,  placed  im- 
mediately behind  the  main  slide  valve,  worked  by  an 
eccentric  and  a  shifting  link,  to  vary  the  cut  off  from 
the  cylinder  as  required.  The  crank  shaft  is  16  in. 
diameter  at  the  bearings ;  the  screw  shafts  are  14|  in« 
diameter;  the  propeller  shaft  bearings  are  covered 
with  brass,  and  the  stern  pipe  is  bushed  with  brass. 
The  surface  condenser  has  3,584  brass  tubes,  lin. 
external  diameter,  and  7  ft.  long ;  the  steam  to  be  con- 
densed surrounds  the  tubes,  and  cold  water  is  passed 
through  them  at  the  rate  of  from  750  to  1,000  cubic 
ft.  per  minute,  as  may  be  necessary.  The  water  is 
pumped  from  the  sea  by  two  horizontal  double-acting 
pumps,  worked  from  the  forward  end  of  the  crank 
shaft.  These  pumps  are  21  in.  diameter,  with  a 
stroke  of  24  in.  The  boilers  are  in  four  separate 
parts,  having  four  furnaces  in  each  part,  with  a  total 
grate  surface  of  350  sq.  ft.,  and  a  heating  surface  of 
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9»200  Bq.  ft.  The  snperheating  chest  is  placed  im- 
mediatelj  under  the  funnel,  and  has  a  total  heating 
surface  of  2,100  sq.  ft.  There  are  two  safety  valves 
to  each  boiler,  loaded  to  25  lbs.  per  sq.  in.  There  is 
also  an  auxiliary  boiler  for  keeping  up  the  supply  of 
fresh  water  that  may  be  lost  through  blowing  off 
steam,  or  from  leaky  joints.  The  grate  surface  of 
the  auxiliary  boiler  is  about  24  sq.  ft.,  and  the  heating 
surface  about  500  sq.  ft.  There  is  also  a  small  boiler 
for  working  the  deck  winches ;  and  a  donkey  engine 
for  the  steam  of  the  boiler  to  work. 

RowaaCs  Expansive  Steam  Engine,  This  species  of 
engine  combines  the  various  improvements  of  a  high 
pressure  of  steam  with  superheating  and  surface  con- 
densation ;  and  is  reported  to  have  acted  with  a 
smaller  consumption  of  fuel  than  has  been  heretofore 
attained  in  any  engine  whatever.  In  one  case,  an 
engine  of  this  kind  was  reported  by  Professor  Ran- 
kine  as  capable  of  working  with  a  little  over  1  lb.  of 
coal  per  indicated  horse  power  per  hour;  but  this 
measure  of  economy  does  not  appear  to  have  been 
supported  in  practice.  Fig,  60  is  a  representation 
of  Bowan's  engines  as  applied  to  drive  the  screw 
propeller.  There  are  two  inverted  engines  combined 
as  usual  at  right  angles,  to  turn  round  the  screw  shaft. 
But  each  engine  has  three  cylinders — ^the  middle  one, 
which  is  the  smallest,  being  a  high  pressure  one,  and 
the  two  side  ones  being  low  pressure.  The  three 
piston  rods  are  connected  to  a  cross  head,  and  move 
up  and  down  simultaneously.  The  steam,  after  hav- 
ing acted  on  the  piston  of  the  high  pressure  cylinder, 
passes  into  the  low  pressure  cylinders,  from  whence 
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it  passes  into  a  tall  cylindrical  vessel,  traversed  by 
small  vertical  tubes,  and  filled  with  cold  water.  The 
water  surrounds  the  tubes;  and  through  them  the 
steam  passes  and  is  condensed  and  returned  to  the 
boiler  as  hot  distilled  water.  An  agitator  is  kept 
revolving  within  the  cylindrical  vessel  to  insure  the 
cold  water  being  equally  distributed  among  all  thC' 
tubes,  and  one  of  the  air  pumps  is  fitted  up  to  main- 
tain a  circulation  of  water  through  the  condenser, 
while  the  other  is  fitted  to  act  as  an  air  pump  in  the 
usual  manner.  About  10  or  11  sq.  ft.  of  condenser 
surface  per  nominal  horse-power  is  the  proportion 
given  in  Sowan's  engines. 

3fessrs.  Simpson  ^  Co.  Messrs.  Simpson  &  Co. 
of  London  have  lately  introduced  a  species  of  double 
cylinder  engine  in  which  the  high-pressure  cylinder 
is  placed  within  the  low-pressure  cylinder ;  the  latter 
being  in  fact  an  annular  cylinder,  with  a  cylinder  of 
smaller  diameter  within  it.  The  steam  is  admitted 
and  discharged  from  both  cylinders  by  means  of  a 
single  valve ;  and  the  arrangements  appear  on  the 
whole  to  be  such  as  wiU  commend  themselves  to 
public  approbation. 

MillwaU  Iron  Company,  The  direct  acting  engines 
constructed  by  the  Millwall  Iron  Company  for  the 
West  India  Mail  Company's  screw  steamer  Rhone 
have  two  inverted  cylinders  working  down  to  the 
screw  shaft;  and  the  engines  are  fitted  with  surface 
condensers,  the  pumps  for  maintaining  a  circulation 
through  which  are  placed  in  a  horizontal  position  at 
the  end  of  the  engines,  and  are  worked  off  a  crank 
on  the  end  of  the  screw  shaft.  The  intermediate 
k 
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shaft  is  formed  of  Erupp's  steel ;  and  the  workmanship 
and  materials  of  the  engines  are  of  the  very  first 
qnalitj.  A  drawing  of  these  engines  is  given  in  fig.  6 1 . 

In  another  set  of  engines  by  the  same  makers, 
there  are  three  inverted  cylinders  working  down  to 
the  screw  shaf^,  and  the  cylinders  have  steam  jackets 
and  other  economical  arrangements  which  are  ex- 
pected to  reduce  the  consumption  to  a  little  over 
2  lbs.  of  coal  per  actual  horse-power  per  hour. 

Messrs.  R,  ^  W.  Hawthorn,  The  marine  engines 
of  these  makers  have  long  enj6yed  a  veiy  high  repu- 
tation for  efficiency  and  durability,  and  for  a  most 
remarkable  exemption  from  accidental  derangements 
or  break-downs.  Their  screw  engines  are  of  the 
horizontal  kind,  with  the  condensers  opposite  to  the 
cylinders ;  and  long  eduction  pipes  communicating 
from  the  one  to  the  other  as  in  Messrs.  Penn's  ar- 
rangement. But  instead  of  the  trunk,  a  short  con- 
necting rod  joined  to  the  piston  rod  is  used  after  the 
fashion  employed  in  locomotives.  In  the  engines  of 
H.M.  screw  gunboat  Shearwater,  constructed  by 
Messrs.  Hawthorn,  the  cylinders  are  40  in.  diameter, 
and  the  stroke  22  in.  The  nominal  power  is  160 
horses,  and  the  pressure  of  steam  in  the  boiler  is 
20  lbs.  per  sq.  in.  There  are  two  boilers  of  the 
ordinary  gunboat  construction,  with  three  furnaces  in 
each ;  and  297  brass  tubes  running  at  right  angles  to 
the  furnaces,  and  containing  a  total  heating  surface 
of  2,892  sq.  ft.  or  19'2  sq.  ft.  per  nominal  horse- 
power. The  Shearwater  is  a  vessel  of  669  tons ; 
and  with  a  displacement  of  840  tons,  and  an  area  of 
midship  section  of  278  sq.  ft.,  she  realised  a  speed  of 
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9  knots,  the  engines  making  92  revolutions  per 
minute,  and  exerting  632  actual  horse-power.  The 
screw  propeller  is  one  of  Griffiths*  of  10  ft.  diameter. 
Here,  then,  I  close  my  remarks  on  marine  engines 
of  recent  construction  ;  and  notwithstanding  the  in- 
numerable and  incessant  efforts  which  have  been 
made  to  introduce  new  improvements,  I  do  not  see 
that  any  considerable  improvement  has  yet  been  intro- 
duced. Superheating,  from  which  such  exaggerated 
benefits  were  at  one  time  expected,  has  collapsed  to 
its  proper  dimensions ;  and  it  is  now  found  that  about 
the  same  amount  of  superheating  as  obtained  in  the 
old  flue  boilers  is  the  most  beneficial.  The  pressure 
has  been  gradually  increasing,  and  that  no  doubt  is 
a  benefit  if  adequate  measures  be  simultaneously- 
adopted  to  increase  the  strength  of  the  boiler.  But 
the  existing  marine  boiler  is  ill  adapted  to  withstand 
any  considerable  pressure ;  and,  as  things  now  stand, 
to  increase  the  pressure  is  to  increase  the  risks  of 
explosion.  The  method  of  surface  condensation  now 
so  generally  employed  in  steam  vessels  I  do  not 
believe  will  be  permanently  retained,  at  least  in  its 
present  cumbrous  form ;  and  on  the  whole  there  is  very 
little  that  is  new  in  marine  engines  which  can  be  cha- 
racterised as  a  permanent  amelioration.  The  intro- 
duction of  the  governor  and  the  use  of  steel  for  shafts 
are  valid  steps  of  improvement,  though  not  very  mo- 
mentous ones ;'  and,  indeed,  the  use  of  a  steel  shaft  is 
only  tantamount  to  the  employment  of  an  iron  one  so 
much  larger  than  before.  We  now  require  marine 
boilers  capable  of  enduring  high  pressures  of  steam 
with  safety,  and  if  salt  water  is  used  in  the  boilers. 
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we  require  the  introduction  of  some  arrangement 
which  will  prevent  the  sulphate  of  lime  from  being 
precipitated  on  the  heating  surfaces,  which  takes 
place  at  a  temperature  answering  to  40  lbs.  pressure 
of  steam  without  anj  concentration  of  the  water  at 
all.  We  also  require  the  introduction  of  some  simple 
and  effectual  mechanism  for  firing  the  furnaces, 
especially  in  the  case  of  large  vessels  employed  in 
warm  climates.  It  would  also  be  an  advantage, 
especially  in  the  case  of  vessels  performing  long 
voyages,  if  some  really  effectual  and  unobjectionable 
method  could  be  introduced  of  burning  the  smoke. 

LOCOMOTIVE  ENGINES. 

There  are  two  main  objects  of  aspiration  which 
are  set  forth  in  the  designs  of  many  of  the  modern 
locomotives ;  the  one  to  burn  the  smoke  so  as  to 
enable  coal  instead  of  coke  to  be  either  wholly  or 
partly  used  in  the  furnace ;  the  other  to  realise  great 
tractive  power,  so  as  to  enable  each  goods  engine  to 
draw  heavier  trains  than  heretofore.  Neither  of 
these  indications  can  be  said  to  have  been  very  per- 
fectly fulfilled  by  any  of  the  plans  hitherto  pro- 
pounded for  that  purpose ;  and  in  seeking  to  increase 
the  power,  various  forms  of  monstrosity  have  been 
produced,  promising  neither  eminent  success  nor 
great  longevity.  In  particular,  the  recent  goods 
engines  on  some  of  the  continental  railways  are  re- 
markable examples  of  retrograde  improvement ;  and 
it  does  not  appear  probable  that  the  use  of  such 
cumbrous  and  gouty  structures  can  long  be  retained 
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after  the  stimulus  of  novelty  attending  their  creatiou 
has  passed  awaj. 

The  various  plans  which  have  been  propounded 
for  burning  smoke  in  locomotives  are  mostly  repro- 
ductions of  old  plans  long  since  tried  in  land  and 
marine  engines,  and  gradually  abandoned.  The  prin* 
ciple  on  which  these  various  arrangements  are 
founded  is  either  that  of  admitting  air  above  the 
fuel,  to  burn  the  smoke,  or  that  of  using  a  sufficient 
area  of  fire  bars,  and  a  sufficiently  thin  fire,  to  enable 
the  quantity  of  air  required  to  burn  the  smoke  to 
pass  through  the  fire ;  and  the  smoke  is  conducted 
either  among  hot  bricks  and  tiles,  or  over  incan- 
descent embers,  to  induce  the  more  efiectual  union  of 
the  uncombined  oxygen  in  the  air  with  the  uncon- 
sumed  carbon  in  the  smoke.  All  these  methods,  how- 
ever, are  only  methods  of  approximation,  which 
though  they  diminish  the  smoke  by  no  means  pre* 
vent  it ;  and  the  consequence  is,  that  locomotives  pre- 
tending to  burn  the  smoke,  or  unlawfully  using  coal 
even  without  this  plea,  are  now  spreading  such  large 
volumes  of  smoke  over  the  face  of  the  country  as  to 
constitute  a  new  and  serious  nuisance.  Heretofore 
coke  only  was  used  in  locomotives,  when  of  course 
no  smoke  was  created.  But,  of  late  years,  they  have 
been  gradually  sliding  into  the  use  of  coal ;  and  the 
probability  is,  that  the  nuisance  will  go  on  increasing 
until  it  becomes  intolerable,  and  is  finally  subverted 
by  the  strong  hand  of  power.  Some  of  the  smoke- 
burning  expedients  employed  are  merely  hollow  pre- 
texts for  the  evasion  of  the  obvious  duty  of  burning 
the  smoke. 
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It  would  be  impossible  to  enumerate  within  the 
limits  to  which  these  remarks  have  to  be  restricted, 
the  numerous  projects  which  have  been  propounded 
at  different  times  for  burning  the  smoke  in  steam 
boilers.  Among  those  who  have  directed  their  at- 
tention to  burning  smoke  in  locomotives,  the  plans  of 
Gray,  Dewrance,  Yarrow,  M'Connell,  Beattie,  Cud- 
worth,  and  Tembrinck,  and  espociallj  the  four  last, 
have  attracted  most  attention,  and  some  of  these 
expedients  have  obtained  a  prettj  wide  iiftroduction. 
In  M'Connell's  arrangement  the  fire-box  is  divided 
longitudinally  by  a  water  space,  so  as  in  reality  to 
form  two  furnaces  like  the  furnaces  of  a  marine 
boiler.  Air  is  admitted  at  sundry  openings  at  the 
front  and  sides  of  the  fire-box,  and  the  tubes  are  con- 
siderably shortened  in  the  barrel  of  the  boiler,  so  as 
to  leave  room  for  a  combustion  chamber  in  which  the 
smoke  may  rest  and  be  burned.  In  some  of  the 
forms  of  Seattle's  boiler,  a  similar  combustion  cham- 
ber is  employed,  and  an  excellent  and  recent  example 
of  his  engine  is  given  in^.  62,  which  is  a  repre- 
sentation of  the  express  passenger  engine  Lacy, 
placed  upon  the  London  and  South-Westem  Bailway 
in  1864.  In  this  engine  the  diameter  of  cylinder  is 
17  in. ;  stroke,  22  in. ;  working  pressure,  135  lbs.  per 
sq.  in. ;  diameter  of  barrel  of  boiler,  4  ft.  ;  length 
of  barrel,  9ft.  6 in.;  length  of  fire-box,  4ft.  Sin. ; 
width  of  fire-box,  4  ill. ;  heating  surface  of  fire-box 
and  chamber,  178*36  sq.  ft. ;  heating  surface  of  hol- 
low  stays,  32*63  sq.  ft. ;   heating  surface  of  tubes, 
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598-31  sq.  ft. ;  total  heating  surface,  8093  sq.  f^ 
The  driving  and  trailing  wheels  are  coupled,  and  are 
7  ft.  in  diameter ;  the  leading  wheels  are  4  ft.  in  dia- 
meter. The  distance  between  the  driving  and  lead- 
ing wheels  is  6  ft.  2^  in.,  and  between  the  driving  and 
trailing  wheels,  8  ft.,  making  the  total  length  of  the 
wheel  base  14  ft.  2^  in.  The  total  weight  of  this 
engine  is  about  32  tons,  distributed  as  follows :  on 
the  driving  wheels  12  tons;  on  the  leading  wheel?, 
1 1  tons  ;  and  on  the  trailing  wheels,  9  tons.  There 
nre  18  of  these  engines  already  made,  and  others  in 
course  of  construction.  The  average  consumption  of 
fuel  in  these  engines  is  24  lbs.  per  mile,  the  average 
load  being  15*5  carriages,  and  sometimes  30  carriages 
are  taken.  The  average  speed  maintained  with  these 
engines  is  for  express  trains,  45  to  50  miles  an  hour, 
and  for  ordinary  trains,  30  to  40  miles  an  hour.  The 
piston  rods,  connecting  rods,  coupling  rods,  cross 
lieads,  wheel  tires,  and  other  main  parts  are  of  Bes- 
semer's  steel ;  and  Allan's  straight  link  is  used  for 
transmitting  the  motion  to  the  valve. 

The  smoke  is  burned  by  dividing  the  furnace  into 
two  furnaces  by  the  inclined  water  bridge  running 
from  side  to  side  of  the  fire-box,  which  bridge  is  per- 
forated ;  and  the  space  between  it  and  the  furnace 
door  is  covered  by  a  perforated  lire  block,  thus  form- 
ing an  inclosed  furnace,  the  smoke  from  which  must 
escape  through  the  perforations.  This  furnace  is 
fitted  with  a  door  of  its  own  below  the  ordinary  fire 
door,  which  is  placed  higher  than  usual ;  and  the 
furnace  next  the  tubes  may  be  fed  with  coke,  while 
the  other  is  fed  with   coal.     The  smoke  escaping 
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through  the  perforations  is  deflected  bj  the  hanging 
bridge  down  towards  the  incandescent  coke,  and  is 
consequently  in  a  great  measure  consumed ;  and  the 
products  of  combustion  pass  through  a  number  of 
short  pipes  into  the  combustion  chamber,  and  from 
thence  into  the  tubes.  These  engines  are  also  fitted 
with  Mr.  Seattle's  feed-water  heater,  which  employs 
a  portion  of  the  exhaust  steam  to  heat  the  feed-water 
boiling  hot.  In  consequence  of  this  arrangement^  Mr. 
Beattie  is  precluded  from  using  Giffard's  injector; 
and  the  boiler  is  fed  bj  pumps  in  the  usual  manner, 
which  seems,  all  things  considered,  to  be  the  prefer- 
able arrangement. 

The  peculiar  feature  of  Cudworth's  engine,  repre- 
sented in  fig.  63,  is  the  fire-box.  This  is  made 
very  long,  and  is  carried  back  over  the  hind  axle ; 
the  fire-grate  is  inclined  towards  the  tube-plate, 
and  at  the  lower  end  it  is  furnished  with  a  trap- 
door through  which  the  clinkers  and  ashes  are  dis- 
charged, and  the  fire  is  dropped.  The  fire-door  is 
perforated ;  and  air  is  admitted  through  it  when 
necessary. 

A  thin  fire  is  kept  on  the  grate.  The  fresh  fuel  is 
supplied  at  the  upper  end  only,  and  it  gradually 
descends  during  combustion,  so  that  there  is  only  a 
bright  clear  fire  at  the  lower  end.  The  gases  evolved 
from  the  fresh  fuel  mixed  with  air  passing  through 
the  grate  and  door,  are  sufficiently  heated  in  their 
way  to  the  tubes  to  infiame,  and  hence  less  smoke 
is  made.  It  is  one  of  the  advantages  of  this  engine 
that  owing  to  the  fire-box  projecting  over  the  hind 
axle  the  weight  on  the  coupled  wheels  is  increased 
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and  equalised.  In  fact  the  weight  of  the  engine  is 
equally  distributed  over  all  the  wheels. 

Sharp,  Stewart  &  Co.'s  smoke -burning  locomotive, 
which  is  represented  in  fig,  64,  is  very  similar  to 
Cud  worth's.  This  engine  has  been  specially  designed 
for  working  a  heavy  goods  traffic  on  a  line  having 
sharp  curves  and  steep  gradients.  The  principal 
dimensions  are  as  follows :  inside  cylinders,  19  in. 
diameter,  and  24  in.  stroke ;  there  are  six  wheels 
coupled,  of  4ft.  4 in.  diameter:  the  weight  on  the 
leading  axle  is  12  tons  17  cwt.,  on  the  centre  axle 
13  tons  19  cwt.,  and  on  the  hind  axle  11  tons  13  cwt. ; 
making  a  total  weight  of  38  tons  when  the  engine  is 
in  running  condition. 

The  form  of  coal -burning  locomotive  furnace  em- 
ployed on  many  of  the  French  railways  is  repre- 
sented in^^.  65,  which  shows  the  fire-box  of  one  of 
the  locomotives  employed  on  the  Paris  and  Orleans 
railway,  and  in  which  Tembrinck's  system  of  burning^ 
the  smoke  is  introduced,  a  is  the  fire-box  in  which 
the  fire  is  placed,  resting  on  the  fire  bars  b,  and  these 
bars  are  made  taper,  so  as  to  have  a  narrower  air 
space  near  the  furnace  mouth  than  further  in ;  c  is  a 
set  of  subsidiary  bars  set  in  a  frame  which  may  be 
opened  to  drop  the  fire,  or  to  let  the  clinker  out ;  d 
is  a  water  space  running  obliquely  across  the  furnace 
nearly  parallel  to  the  bars;  e  is  a  mouthpiece  to 
receive  the  coal  which  is  there  roasted  by  the  radiant 
heat  from  the  fire ;  and  the  expelled  gas  is  burned  by 
coming  into  contact  with  the  flame  from  the  fire 
after  being  mixed  with  the  air  which  enters  through 
the  air-valve  at  f,  which  is  regulated  by  the  handle  G ; 
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u  is  ono  of  the  doors  opening  into  the  fire-box.     It 
is  stated  that  in  these  engines  the  evaporation  with 


Fig.  CS. 


FlttE-BOX  ON  TSUBRINCK*!   SVITBII. 


coal  is  about  the  same  as  with  an  equal  weight  of 
coke,  and  that  the  expense  of  the  fuel  is  only  half  as 
great  as  when  coke  is  employed. 
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FOREIGN  GOODS  LOCOMOTIVES. 

Some  idea  will  be  formed  of  the  kind  of  *  steam 
elephants '  employed  on  some  of  the  foreign  railways 
in  conveying  goods,  by  a  reference  to  Jigs,  66,  67, 
and  68,  and  which  are  a  side  elevation  and  two 
transverse  sections  of  one  of  the  8-wheeled  goods 
engines  employed  on  the  Northern  Railway  of  France. 
It  will  be  observed  the  fire-box  is  considerably  wider 
than  the  width  between  the  wheels ;  and  the  barrel 
of  the  boiler  is  crammed  so  full  of  tubes  as  to  leave 
scarcely  any  room  for  steam,  and  little  facility  for  the 
circulation  of  the  water.  Of  course  such  a'  boiler 
will  prime ;  but  to  meet  this  difficulty  a  superheater 
is  carried  along  the  top  of  the  boiler :  and  as  with 
all  this  gear  the  erection  would  be  too  high  to  go 
under  the  bridges  with  the  addition  of  the  chimney,  a 
horizontal  chimney  a  little  turned  up  at  the  end  is  em- 
ployed. Machines  however  even  still  more  formidable 
than  this  are  used  in  some  cases  ;  and  on  the  same  line 
engines  with  twelve  coupled  wheels  and  four  cylinders 
are  employed,  two  of  the  cylinders  being  placed  at  one 
end  of  the  engine  and  driving  six  of  the  wheels,  and 
the  other  two  cylinders  being  placed  at  the  other  end 
of  the  engine  and  driving  the  other  six  wheels.  So  far 
as  these  parts  are  concerned,  there  are  virtually  two 
locomotives ;  but  there  is  only  one  boiler  resting  on 
one  framing,  in  which  all  the  wheels  are  placed.  To  en- 
able such  a  great  length  of  coupled  wheels,  however, 
to  get  round  curves  the  fore  and  after  axles  of  each 
group  of  six  wheels  is  susceptible  of  a  little  end  play ; 
and  a  horicontal  lever  with  a  fulcrum  over  the  centre 
axle  of  each  group  extends  to  the  fore  and  after  axle 
of  each  group,  to  which  it  is  so  connected  that  when 
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Ike  fore  axle  moYes  a  little  on  end  in  one  direction^ 
the  after  axle  shall  be  constrained  to  move  a  little  on 
end  in  the  opposite  direction.    Bj  this  complex  ar- 

Ffg.  67. 


Goods  Ehoinb  Nokthbbit  Railway  or  Feancb. 
Crou  Section  through  Fire-box. 


rangement  the  one  group  of  six  wheels  is  enabled  so 
to  arrange  itself  relatively  with  the  other  group  that 
an  effect  tantamount  to  that  produced  bj  a  joint  in  the 

1 
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frame  is  obtained.      The   peculiar  features  of  this 
engine  will  be  better  understood  by  a  reference  to^^. 


Fig.  68. 


Goooi  Enoinb,  Northebn  Railway  or  Francs. 
Cross  Section  through  Smoke-box. 

69,  where  a  a  are  the  cylinders,  b  the  boiler,  s  the 
superheater,  and  c  the  chimney. 

One  of  the  engines  of  the  Orleans  railway  is  repre- 
sented in^;^.  70,  but  as  it  resembles  the  construction 
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of  common  locomotives,  it  is  unnecessary  to  de* 
scribe  it. 


One  of  the  steepest  gradients  which  has  to  be  8ur« 
mounted  by  railways  in  any  situation  is  that  known 
as  the  Soemmering  incline,  on  the  line  from  Vienna  to 
Trieste,  where  it  crosses  the  Styrian  Alps.    Various 
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Special  forms  of  locomotiyes  have  been  contrived  to 
surmount  this  difficulty,  in  some  of  which  the  wheels 
of  the  tender  were  driven  from  the  engine  by  pitched 
chains,  and  in  other  cases  spur  wheels  between  the 
axles  are  empolyed.  Fig,  71  represents  the  form  of 
engine  employed  on  this  service  in  1856,  and  fig,  72 
represents  the  form  employed  in  1861.  In  this  last 
example  the  tender  is  attached  to  the  engine  in  the 


Fig.1% 


EIOHT-COUPLKD  WhIBL  EnGIKB  OF  SCBMHBKINO  INGLINB,  I86I. 

manner  usual  upon  other  railways  ;  but  in^.  71  the 
tender  is  stuck  on  to  the  end  of  the  engine  and  is 
supported  upon  wheels  which  are  put  into  revolution 
by  means  of  rods  proceeding  from  the  nearest  wheels 
of  the  engine,  which  wheels  are  themselves  put  into 
revolution  by  means  of  gearing.  Upon  the  third 
axle  of  the  engine  a  toothed  wheel  is  fixed,  which 
gears  into  another  toothed  wheel  of  the  same  size, 
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and  this  last  wheel  gears  into  another  toothed  wheel 
on  the  next  axle  and  tarns  it  round.  The  positions 
of  these  toothed  wheels  are  shown  in  the  figure  by 
dotted  circles. 

In  some  of  the  forms  of  engine  with  four  cylinders, 
and  six  coupled  axles,  three  of  the  axles  and  two  of 
the  cylinders  are  attached  to  a  framing,  on  which  the 
boiler  rests  on  two  points,  one  on  each  side  of  the  fire 
box,  while  the  other  three  axles  and  the  other  two 
cylinders  are  attached  to  a  bogie  or  independent 
carriage  travelling  upon  a  centre  on  which  the 
smoke  box  rests,  and  this  bogie  accommodates  itself  to 
the  curves  of  the  road.  Such  a  device  however  is  only 
a  clumsy  approximation  to  two  independent  engines, 
and  the  use  of  two  engines  with  the  footplates 
brought  together  as  recommended  by  me  in  my 
'Treatise  on  the  Steam  Engine '  in  1845,  so  that  one 
set  of  handles  might  govern  the  movements  of  both 
engines  and  one  stoker  fire  both  furnaces,  would  be 
greatly  preferable  to  the  use  of  those  uncouth  levia- 
thans. The  great  height  of  these  engines  relatively 
with  the  width  of  base  necessarily  makes  them  top 
heavy ;  while  the  relative  narrowness  of  the  gauge 
— ^which  limits  the  diameter  of  the  barrel  of  the  boiler 
and  consequently  the  area  for  the  introduction  of  the 
tubes — ^has  led  to  such  crowding  and  such  contraction 
of  the  areas  in  this  part,  as  to  diminish  the  efficiency 
of  the  heating  surface,  besides  leading  to  other  incon- 
veniences« 

The  principal  dimensions  of  some  of  the  more  re- 
markable of  the  continental  locomotives  are  given  in 
the  following  table :— ? 
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PARTICULARS  OF  FOREIGN 


Line  on  whldi  tbr  Bngln*  mm 


Northcm  of  Fnaee 


XtedoTEogiM 


askk 

4  MnpM 

aide*. 

19^ 
J6-98 
49-60 

1889 
18-89 
62-99 

17-S2 
173i 
41-73 

120 

135 

135 

115-71 

107«4 

107-64 

2004-55 

1687-76 

237117 

S120'26 

1795-40* 

2378-811 

88 

99 

131-34 

50-16 

^ 

.. 

138-16 

99 

131-34 

88 
655 

99 
436 

131-84 
655 

12-4 

12-4 

12-4 

Diameter  of  cylinder  in  Inches 
Length  of  stroke  in  inchec    .    . 
DlameterofdriTing  wheel  in  inches  . 
Preuiire  of  steam  in  lbs.  per  square  > 

inch 

Heating    surface    of  fire  box  in 

square  feet 

Heating  surfkce  of  tubes  in  square 

Total   heating  surflu^e  in  square 

feet 

Weight  of  engine  in  tons  when  at 

work *.    . 

Weight  of  tender  in  tons  Laden 
Total  weight  Intons  of  engine  and7 

tender  at  work J 

Weight  producing  adhesion  in  tons  . 
Greatest  load  drawn  In  tons  .  .  . 
Speed  regularly  maintained  In  miles  ) 

per  hour  in  ascending  Incline    .  J 

*  To  this  has  to  be  added  heating  surface  of  superheater  130  square  feet. 


AMERICAN    LOCOMOTIVES. 


The  American  locomotiyes  differ  in  seyeral  of  their 
features  from  those  which  are  employed  in  this 
country,  and  there  is  nearly  always  some  special 
feature  in  the  traffic,  the  fuel  or  the  climate  to  warrant 
the  distinction,  and  to  render  it  judicious ;  but  the 
difference  is  not  nearly  so  great  as  that  which  obtains 
in  some  of  the  continental  locomotives.  The  fore  part 
of  the  engine  is  usually  supported  upon  a  small  four- 
wheeled  truck  or  bogie ;  a  large  cone  is  placed  around 
the  chimney  for  catching  the  sparks,  which  are  verj 
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1 

Od«m. 

Lyom. 

1 

Westerner 
Pnoo*. 

SomuMTfac. 

Turin. 

S«»pl«d 

4"S5Si 

3  eoupled 

19-68 

17-71 
5118 

19-88 
2ft^fi 
49-60 

17-32 
28-62 
55-11 

18-70 
24  01 
41-92 

15-98 
21-96 
48-03      . 

ISO 

190 

190 

190-185 

146-25 

117 

114-80 

88-94 

104-49 

86-11 

75-85 

15715 

fin-08 

1945-08 

20S9i» 

1442-35 

1671-51 

2006-23 

»6-36 

ISM-42 

2126-58 

1528-46 

1646  86 

2163-62 

9  ^ 

81-4 

99 

72-6 

91-52 

145-2 

«H)« 

44 

52-8 

44 

57-2 

137-» 

123«4 

lAl-8 

116-6 

148-72 

145-2 

97-14 
SM 

81-4 

m 

99 
600 

72-6 
300 

148-72 
250 

145-2 
180 

M 

9-8 

12-4 

15-5 

9-3 

9-80 

tTothtol 

■Iboe  of  supei 

heater  239  fq 

oarefeet. 

inconvenient  when  wood  is  burned.  A  sort  of  inverted 
saucer  over  the  mouth  of  the  chimney  deflects  the 
sparks  downwards  into  this  cone,  whence  thej  are 
drawn  off  at  intervals  bj  a  small  door.  The  top  of 
the  cone  is  covered  with  wire  gauze,  to  intercept  any 
sparks  which  escape  being  driven  out  of  the  cone.  In 
the  front  of  the  engine  is  an  arrangement  of  bars  of 
iron  called  a  cowcatcher,  for  throwing  any  object  off 
the  line  which  may  happen  to  be  upon  it ;  and  this 
apparatus  also  acts  like  a  snow  plough,  should  snow 
have  fallen  on  the  line.  Fig.  73  is  a  side  elevation  of 
a  common  form  of  American  locomotive ;  a  is  a  shed 
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or  covering  for  protecting  the  engine  driver  from  the 
weather ;  b  is  a  bell  which  is  rung  when  the  engine 
approaches  stations  ;  c  is  an  inverted  cone  round  the 
chimney  to  catch  sparks  from  the  furnace ;  d,  situation 
of  cowcatcher ;  e  is  the  truck  or  bogie  bj  which  the 
fore  part  of  the  engine  is  supported  ;  and  f  is  a  lamp  to 
give  light  by  night.  The  driving  wheels  are  generally 
four  in  number,  coupled  together;  they  are  commonly 
from  5  ft.  to  5  ft.  6  in.  diameter,  or  when  great  speed 
is  required,  they  are  6  ft.,  and  sometimes  7  ft.  in 
diameter ;  but  it  is  almost  the  invariable  custom  to  use 
four  coupled  wheels  for  all  speeds.  The  coupled 
wheels  are  placed  about  18  in.  asunder;  the  hind 
pair  is  furnished  with  flanges,  but  the  leading  driving 
wheels  are  usually  without  flanges,  and  are  commonly 
cylindrical,  instead  of  being  somewhat  coned.  The 
cylindrical  wheels  are  said  to  wear  much  better  than 
the  coned,  and  to  cause  less  oscillation.  For  working 
steep  inclines,  engines  with  eight  wheels  coupled,  and 
from  2  ft.  6  in.  to  2  ft.  9  in.  diameter,  are  usually  em- 
ployed. These  wheels  are  generally  of  chiUed  cast  iron. 
It  is  usual  to  make  the  driving  wheels  of  passenger 
engines  with  cast-iron  centres  and  wrought-iron 
tires,  but  sometimes  the  tires  are  of  chilled  cast  iron, 
which  is  said  to  be  better  fitted  to  endure  the  frost 
In  the  heavy  engines  employed  in  transporting  coal 
on  the  Reading  Railway,  and  which  burn  anthracite 
coal,  there  are  eight  coupled  wheels  of  43  in.  diameter, 
and  the  cylinders  are  19  in.  diameter,  and  22  in. 
stroke  ;  the  boiler  is  46  in.  diameter,  and  contains 
103  iron  tubes,  2^  in.  external  diameter  and  14  ft. 
long ;  the  furnace  is  7  ft.  long,  and  the  bars  are  cast 
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in  pairs,  and  are  made  moveable  by  a  lever,  so  that 
the  clinker  may  be  readily  broken  up.  The  ash  pan  is 
made  to  contain  a  few  inches  of  water,  to  prevent  the 
bars  from  being  burnt  out.  A  good  deal  of  the  coal 
is  said  to  be  wasted  in  these  engines,  from  being 
carried  up  the  chimney  by  the  draught ;  and  a  good 
deal  by  falling  through  the  bars  of  the  grate.  Upon 
the  whole,  anthracite  coal  cannot  be  said  to  have  been 
very  successfully  introduced  in  locomotives.  It  is 
severe  upon  the  furnace,  and  the  evaporating  efficacy 
reached  does  not  appear  to  have  been  more  than  Tibs, 
of  water  per  pound  of  coal,  which  is  a  good  deal  less 
than  is  obtained  with  coke. 

There  are  generally  no  buffers  between  the  engine 
and  tender  of  American  locomotives,  but  a  wedge  is  in- 
terposed between  the  abutting  surfaces  to  prevent 
shocks.  In  the  various  carriages  of  the  train,  central 
buffers  alone  are  used.  The  whistle  is  larger  than  that 
used  on  the  English  lines.  Glass  gauges  are  not  found 
to  stand,  and  four  or  five  gauge-cocks  are  employed 
instead.  The  feed  pumps  have  air  vessels  both  on  the 
drawing  and  the  forcing  sides.  The  link  motion  is  in 
universal  use.  The  axle  boxes  are  usually  made  close, 
and  are  supplied  with  oil«  and  provided  with  leather 
washers  to  keep  the  oil  in.  The  boxes  do  not  require 
to  be  packed  or  oiled  more  than  once  a  month.  The 
boxes  are  sometimes  of  bell-metal,  sometimes  of  a 
composition  of  92^  parts  of  zinc  and  7^  parts  of 
copper,  and  sometimes  are  lined  with,  or  wholly  com- 
posed of,  soft  metal. 

To  give  toughness  to  the  cast  iron  wheels,  they 
require,  after  having  been  cast  in  a  chill,  to  be  annealed. 
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The  wheels,  therefore,  as  soon  as  they  are  set,  and 

while  jet  red  hot,  are  transferred  to  pits  which  have 

been  made  very  hot  by  anthracite  fires.    The  pits  are 

hermetically  sealed,  to  prevent  the  admission  of  air ; 

and  after  three  days  the  wheels  are  taken  out,  when 

the  annealing  process  is  found  to  be  completed.    The 

annealing   does  not  affect  the  chilling  of  the  tire, 

which  is  half  an  inch  deep,  as  the  operation  of  chilling 

takes  place  when  the  metal  sets.    It  is   necessary, 

however,  with  these   chilled  wheels  to  be  careful 

not  to  apply  the  breaks  too  suddenly,  so  as  to  occasion 

slipping  on  the  rails,  as  the  friction  takes  out  the  chill 

at  that  spot  and  causes  a  fiat  soft  place  to  form  on 

the  wheel,  which  destroys  it  altogether.  Brake  blocks 

of  cast  iron  are  used  in  some  cases,  and  are  found  to 

be  preferable  to  wood.  The  brakes  are  set  by  winding 

a  chain  in  connection  with  them  on  an  upright  barrel 

having  a  handwheel  at  the  top.    In  cases  of  emergency 

it  has  been  proposed  to  work  the  brakes  by  a  friction 

wheel  which  may  be  instantly  pressed  down  on  the 

driving  wheel  of  the  engine.      A  cord  is  carried 

along  the  top  of  every  carriage  of  the  train  to  a  large 

gong  bell  placed  on  the  engine.    This  cord  is  formed 

in  lengths  equal  to  the  length  of  a  carriage,  and  the 

pieces  are  connected  together  by  metal  snaps.     A 

small  shaft  led  along  the  top  of  each  carriage  with 

square  or  triangular  ends  and  sockets  and  universal 

joints  would  be  an  equally  simple  arrangement   It  is 

not  found  practically  in  America  that  there  is  any 

trouble  in  connecting  the  cord  to  the  new  carriages 

when  a  change  in  the  carriages  takes  place. 

The  American  railway  carriages  are  of  much  larger 
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dimensions  than  those  employed  in  this  country.  The 
bodies  aro  commonly  made  about  45  ft.  long,  9^  ft. 
wide,  and  7  ft.  high.  The  carriages  are  open  from  end 
to  end,  and  at  the  end  doors  are  placed,  opening  upon 
platforms  protected  by  railings,  and  establishing  a 
passage  between  one  carriage  and  the  next  adjoining. 
From  the  platform  stairs  descend,  by  means  of  which 
passengers  enter  or  leave  the  carriages.  The  seats 
are  ranged  on  each  side  of  a  central  passage ;  and  tlie 
backs  of  the  seats  are  made  to  tarn  either  way.  On 
the  roof  of  the  carriages  ventilators  are  placed ;  and 
there  is  a  stove  to  warm  the  carriage  in  winter,  and  a 
supply  of  drinking  water.  To  prevent  the  dust  from 
arising,  a  canvas  curtain  has  been  introduced  outside 
the  wheels  on  some  lines,  extending  from  the  carriage 
floor  to  the  ground,  whereby  the  dust  is  prevented 
from  being  sucked  up  by  the  motion  of  the  train.  In 
other  cases  jets  of  water  propelled  by  a  centrifugal 
pump,  moved  by  a  friction  roller  resting  on  one  of  the 
wheels,  have  been  introduced  in  an  air  space  on  each 
side  of  the  carriage,  through  which  the  air  is  ad- 
mitted ;  and  the  air  is  thus  cooled  and  freed  from  dust 
by  the  same  operation. 

The  carriage  rests  at  each  end  on  a  truck  or  bogie, 
the  wheels  of  which  are  as  far  apart  as  the  distance 
between  the  rails,  so  that  the  plan  of  such  a  truck 
forms  a  square.  India  rubber  springs  have  been  tried, 
but  the  result  has  not  been  satisfactory  ;  and  plate  or 
volute  springs  are  now  usually  employed. 

In  all  the  American  locomotives,  the  internal  fire 
box  is  considerably  smaller  at  the  top  than  at  the 
bottom,  so  that  the  sides  are  much  inclined,  whereby 
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the  escape  of  the  steam  from  the  surface  of  the  metal 
is  facilitated,  and  the  overheating  of  the  plate  pre- 
vented. The  fire  boxes  are  almost  universally  of  iron. 
The  tubes  of  the  boiler  are  generally  of  copper — few- 
iron  or  brass  tubes  being  in  use,  except  that  in  engines 
using  anthracite  coal,  iron  tubes  are  used  to  diminish 
the  wear  caused  by  the  hard  particles  of  coal  carried 
up  by  the  draught,  and  which  copper  cannot  so  well 
withstand.  The  general  proportions  of  the  American 
locomotives  do  not  differ  materially  from  those  pre- 
vailing in  England.  On  the  whole,  however,  the  blast 
pipes  require  to  be  smaller,  and  the  draught  more 
intense  for  engines  burning  wood,  to  maintain  suffi- 
cient vividness  of  combustion ;  and  the  disposition 
now  is  to  place  the  tubes  farther  apart  than  formerly, 
as  has  been  long  found  in  this  country  to  be  expedient. 
In  some  engines  it  has  been  found  that  an  increased 
supply  of  steam  was  obtained  by  removing  some  of 
the  central  tubes ;  and  the  tubes  are  never  placed 
closer  than  |  of  an  inch  apart. 

There  is  a  separate  blast  pipe  from  each  cylinder ; 
and  these  pipes  terminated  at  about  the  level  of  the 
lowest  row  of  tubes.  Suspended  over  these  pipes, 
however,  is  a  pipe  entitled  a  '  petticoat  pipe,'  about 
8  ip.  in  diameter,  which  reaches  nearly  to  the  base  of 
the  chimney  ;  and  this  pipe  being  generally  made 
conical,  has  a  petticoat  configuration.  The  object  of 
this  arrangement  is  to  equalise  the  draught  through 
the  different  rows  of  tubes,  as  when  the  blast  pipe  is 
carried  up  to  the  level  of  the  top  row  of  tubes,  the 
greatest  draught  will  be  through  them. 
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STANDARD  FORMS  OF  ENGLISH  LOOOMOTIYES — BROAD 
GAUGE  ENGINES. 

The  most  powerful  class  of  engines  constructed  for 
the  broad  gauge  is  that  of  the  Great  Britain  and 
Iron  Duke,  of  which  the  main  particulars  are  given 
at  page  84  of  mjr '  Catechism  of  the  Steam  Engine/ 
and  of  which  a  cross  section  is  given  in  fig*  74.  In 
this  engine,  the  cylinders  are  18  in.  diameter  and  24  in. 
stroke.  The  grate  contains  21  sq.  ft  of  area,  and  there 
are  305  tubes  of  2  in.  diameter  in  the  boiler.  The 
total  heating  surface  is  1,952  sq.  ft.,  and  a  cubic  foot 
of  water  may  be  evaporated  in  the  hour  by  every 
5  sq.  ft.  of  heating  surface.  An  engine  of  this  class 
will  exert  750  actual  horse-power.  The  pressure  in 
the  boiler  is  100  lbs.  per  sq.  in.,  and  the  initial  pres- 
sure in  the  cylinder  is  about  10  lbs.  less.  But  at 
high  speeds  the  pressure  in  the  valve  box  is  greater 
than  that  in  the  boiler,  which  may  be  imputed  to  the 
momentum  of  the  steam  when  its  continuous  flow  is 
arrested  by  the  shutting  of  the  slide  valve.  At  60 
miles  an  hour,  when  the  handle  which  moves  the 
link  was  in  the  first  notch,  and  the  steam  cut  off  at 
\  of  the  stroke,  the  back  pressure,  when  the  area  of 
the  blast  orifice  was  -^  of  the  area  of  the  piston,  was 
36  per  cent,  of  the  total  pressure ;  and  when  the  area 
of  the  blast  orifice  was  enlarged  to  J;^  of  the  area  of 
the  cylinder,  the  back  pressure  fell  to  10  per  cent. 

The  pressure  upon  the  slide  valve  of  the  Iron  Duke 


Fig.ll 
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was  relieved  by  means  of  a  balance  piston  connected 
with  the  back  of  the  valve  by  means  of  a  link.  But 
in  locomotives  this  method  of  construction  has  not 
jet  been  carried  out  in  a  satisfactorj  manner.  For 
moderately-sized  engines  it  is  perhaps  hardly  re- 
quired, and  a  gridiron  slide,  which  reduces  the  travel 
of  the  valve  and  correspondingly  increases  the 
leverage  available  for  working  it,  is  probably  a  pre- 
ferable expedient  in  most  cases.  The  benefit  of 
taking  off  the  pressure  with  a  piston,  instead  of  with 
a  ring  applied  at  the  back  of  the  valve  as  in  marine 
engines,  is  that  the  valve  is  enabled  to  leave  the  face 
and  let  the  water  out  of  the  cylinder  if  the  engine 
should  prime.  But  in  the  Iron  Duke  the  pins  at  the 
ends  of  the  link  connecting  the  valve  and  piston  were 
too  small;  and  in  all  engines  employing  this  ex- 
pedient these  pins  should  be  very  large  so  as  to 
have  adequate  surface,  and  proper  arrangements 
should  also  be  introduced  for  their  lubrication.  To 
this  end  a  close  grease  cup  should  be  applied  to  the 
valve  box  with  a  side  pipe  to  permit  the  steam  to 
enter  above  the  oil,  so  tibat  the  oil  might  gradually 
drip  through  the  cock ;  and  a  suitable  groove  or  shoot 
should  be  formed  on  the  valve  and  piston  to  receive 
the  drip  of  oil  and  conduct  it  to  the  joints  in  what- 
ever position  the  valve  may  be  when  the  drop  falls. 
The  communication  pipe  between  the  top  of  the 
piston  and  the  blast  pipe  should  be  large,  so  as  to 
equalise  the  pressure  between  the  steam  in  the  ex- 
haust passage  and  that  on  the  top  of  the  piston, 
else  the  valve  will  leave  the  face  when  the  exhaustion 
takes  place. 
The  steam  is  drawn  from  the  boiler  through  a  per- 
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forated  steam  pipe,  and  its  admission  to  the  cylinders 
is  regulated  by  a  gridiron  slide  set  in  the  smoke  box, 
and  worked  by  a  rod  extending  through  the  per- 
forated steam  pipe  to  the  front  of  the  boiler.  The 
damper  consists  of  an  arrangement  of  iron  Venetians 
set  against  the  ends  of  the  tubes  in  the  smoke  box, 
each  of  which  acts  as  a  hanging-bridge  in  retaining 
the  hottest  smoke  in  contact  with  the  tubes.  These 
Venetians  are  lifted  or  lowered  by  an  appropriate 
handle,  and  the  draught  is  thus  regulated.  The 
width  between  the  rails  on  which  the  wheels  of  this 
engine  run  is  7  ft. 

Narrow  Gauge  Engines — London  and  North-  West- 
em  Railway.  The  type  of  express  passenger  engine 
employed  on  the  London  and  North- Western  Rail- 
way, and  constructed  at  the  Crewe  Works,  is  repre- 
sented in  fig.  75,  and  the  following  are  the  principal 
dimensions  of  that  engine: — ^Diameter  of  cylinder, 
16  in. ;  stroke,  24  in. ;  driving  wheels,  7  ft.  6  in.  dia- 
meter ;  leading  and  trailing  wheels,  3  ft.  6  in.  dia- 
meter ;  weight  on  leading  wheels,  9  tons  8  cwt. ; 
weight  on  trailing  wheels,  6  tons  2  cwt ;  weight  on 
driving  wheels,  10  tons  10  cwt. — total  weight,  27  tons ; 
heating  surface  of  fire  box,  85  sq.  ft. ;  heating  sur- 
face of  192  tubes,  1^  in.  external  diameter  and  10  ft. 
9  in.  long,  915  sq.  ft.  (internal)  ;  total  heating  sur- 
face, 1000  sq.  ft. 

The  distance  of  the  leading  from  the  driving 
wheels  is  7  ft  7  in.,  and  the  distance  of  the  trailing 
from  the  driving  wheels  is  7  ft.  10  in. — ^making  th(; 
length  of  the  wheel  base  15  ft.  5  in.  The  tender 
carries  2  tons  of  coal  and  1,500  gallons  of  water,  and 
m  2 
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its  weight  laden  is  17  tons  S^cwt  It  runs  on  six 
wheels  of  3  ft.  6  in.  diameter. 

This  form  of  express  engine,  designed  bj  Mr.  Barns- 
bottom,  maj  be  taken  as  representing  the  most  ap- 
proved form  of  construction  in  that  class  of  locomo- 
tives in  1865.  The  arrangements  are  characterised 
by  much  simplicity  and  elegance ;  but  their  nature  is 
made  so  clear  by  the  drawing  that  it  is  unnecessary 
farther  to  describe  them. 

Suppling  Water  to  Tenders  while  running,  Mr. 
Ramsbottom  has  contrived  an  apparatus  which,  by 
enabling  locomotive  tenders  to  ti^e  in  water  while 
fanning,  obviates  the  necessity  of  such  numerous  stop- 
pages as  were  necessary  heretofore.  This  apparatus, 
represented  in  Jigs,  76  and  77,  consists  of  an  open 
trough  of  water,  lying  longitudinally  between  the 
rails  at  about  the  rail  level,  and  a  dip-pipe  or  scoop 
attached  to  the  bottom  of  the  tender,  with  its  lower 
end  carved  forwards  and  dipping  into  the  water  of  the 
trough,  so  as  to  scoop  up  the  water  and  deliver  it  into 
the  tender  tank  whilst  running  along. 

The  water  trough  a  of  cast-iron,  18  in.  wide  at 
top  by  6  in.  deep,  is  laid  upon  the  sleepers  between 
the  rails  at  such  a  level  that  when  full  of  water  the 
surface  of  the  water  is  2  inches  above  the  level  of  the 
rails.  The  scoop  b  for  raising  the  water  from  the 
trough,  is  of  bras.%  with  an  orifice  10  in,  wide  by  2  in. 
high;  when  lowered  for  dipping  into  the  trough,  its 
bottom  edge  is  just  level  with  the  rails  and  immersed 
2  in.  in  the  water.  The  water  entering  the  scoop 
B  is  forced  up  the  delivery  pipe  c,  which  discharges 
it  into  the  tender  tank,  being  turned  over  at  the  top 
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80  as  to  prevent  the  water  from  splashing  over.  The 
scoop  is  carried  on  a  transverse  centre  bearing  d,  and 
when  not  in  nse  is  tilted  up  by  the  balance  weight  £ 
clear  of  the  ground.  For  dipping  into  the  water 
trough  it  is  depressed  by  means  of  the  handle  r  from 
the  footplate,  which  requires  to  be  held  by  the  engine- 
man  as  long  as  the  scoop  has  to  be  kept  down. 

The  upper  end  of  the  scoop  b  is  shaped  to  the  form 
of  a  circular  arc,  as  is  also  the  bottom  of  the  delivery 
pipe  G,  so  that  the  scoop  forms  a  continuous  prolonga- 
tion to  the  pipe  when  in  the  position  for  raising 
water.  The  limit  to  which  the  scoop  is  depressed 
by  the  handle  f  is  adjusted  accurately  by  set  screws, 
which  act  as  a  stop  and  prevent  the  bottom  edge  of 
the  scoop  being  depressed  below  the  fixed  working 
level.  The  set  screws  also  aflTord  the  means  of  ad- 
justing the  scoop  to  the  same  level  when  the  brasses 
and  tires  of  the  tender  have  become  reduced  by 
wear,  causing  the  level  of  the  tender  itself  to  be 
lowered.  The  orifice  of  the  scoop  is  made  with  its 
edges  bevilled  off  sharp,  to  diminish  the  splashing ; 
and  the  top  edge  is  carried  forward  2  or  3  in.  and 
turned  up  with  the  same  object. 

The  water  trough  a  is  cast  in  lengths  of  about  6  ft, 
80  as  to  rest  upon  each  alternate  sleeper,  and  is  fixed 
to  the  sleepers,  the  height  being  adjusted  by  means  of 
wood  packing.  The  ends  of  each  length  are  formed 
with  a  shallow  groove,  in  which  is  inserted  a  strip 
of  round  vulcanised  india-rubber,  to  make  a  flexible 
and  watertight  joint,  the  metal  not  being  in  con« 
tnct ;  this  meets  all  the  disturbances  arising  from 
expansion,  settlement  of  road,  and  vibration  caused 
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by  the  passage  of  trains.  The  length  of  trough  now 
laid  on  the  Chester  and  Holyhead  Railway  near  Con- 
way is  441  yds.  on  the  level ;  and  at  each  end  the 
rails  are  laid  at  a  gradient  of  1  in  100  for  a  fhrther 
length  of  16  yds.,  the  road  being  raised  for  that  pur- 

Fig,  76. 
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Fbidino  Scoop  fob  Runnino  Locomotitbs. 

pose,  so  that  the  summit  of  the  incline  is  6  in.  higher 
than  the  level  portion :  the  trough  is  tapered  off  in 
depth  to  a  bare  plate,  so  that  the  same  thickness  of 
wood  packing  serves  for  fixing  it  throughout  the 
entire  length.  The  portion  of  the  line  where  the 
trough  is  fixed  is  a  curve  of  1-mile  radius,  and  the 
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outer  rail  is  canted  1  in.  above  the  inner,  the  wood 
packing  being  made  taper  for  fixing  the  trough 
horizontal ;  but  the  cant  does  not  interfere  with  the 
efficient  action  of  the  scoop  on  the  tender,  since  it 
amounts  to  onlj  ^  in.  on  the  10  in.  width  of  scoop. 

Ffg.  77. 


Fbsdino  !:coop  fur  Running  Locumoiives. 


At  each  extremity  of  the  water  trough  is  an  over** 
flow  pipe,  limiting  the  height  of  water  in  the  trough. 
The  trough  contains  5  in.  depth  of  water,  and  the 
scoop  dips  2  in.  into  the  water,  leaving  a  clearance  of 
3  in.  at  the  bottom  of  the  trough  for  any  deposit  of 
ashes  or  stones.     The  trough  is  so  constructed  as  to 
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present  no  obstruction  to  be  caught  bj  anj  loose 
couplings  or  drag-chains  that  may  be  hanging  from 
the  trains  passing  over  it;  and  experiments  have 
been  tried  with  a  bunch  of  hook  chains  and  screv^ 
couplings  hanging  down  behind  the  tender  and 
dragged  along  the  trough  without  any  damage  oc-> 
curring. 

As  to  any  difficulty  from  ice,  a  thorough  trial  has 
been  afforded  by  severe  winters ;  and  by  means  of  a 
small  ice  plough,  which  was  run  through  the  trough 
by  hand  each  morning,  the  coating  of  ice  was  re« 
moved  from  the  surface  of  the  water,  and  no  more 
was  formed  afterwards  excepting  a  fihn  so  thin  that 
it  was  removed  by  the  scoop  itself  in  passing  through 
the  trough,  without  being  felt  at  all.  It  has  indeed 
been  shown,  that  the  continuance  of  this  action  with 
the  succession  of  trains  in  ordinary  working  would 
be  sufficient  in  this  climate  to  prevent  the  formation 
of  any  ice  thicker  than  could  be  readily  and  Safely 
removed  by  the  passage  of  the  scoop  alone,  even 
during  the  severest  seasons. 

The  principle  of  action  of  this  apparatus  consists 
in  taking  advantage  of  the  height  to  which  water 
rises  in  a  tub^  when  a  given  Telocity  is  imparted  to 
it  on  entering  the  bottom  of  the  tube  ;  the  converse 
operation  being  carried  out  in  this  case,  the  water 
being  stationary  and  the  tube  moving  through  it  at 
the  given  velocity.  The  theoretical  height,  without 
allowing  for  friction,  &c.,  is  that  from  which  a  heavy 
body  has  to  fall  in  order  to  acquire  the  same  velocity 
as  that  with  which  the  water  enters  the  tube.  Hence, 
since  a  velocity  of  32  ft.  per  second  is  acquired  by 
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falling  through  16  ft,  a  velocity  of  32  ft.  per  second, 
or  22  miles  per  hour,  would  raise  the  water  16  ft. : 
and  other  yelocities  being  proportionate  to  the  square 
root  of  the  height,  a  velocity  of  30  miles  per  hour 
would  raise  the  water  30  ft.  very  nearly  (a  conve- 
nient number  for  reference),  and  15  miles  per  hour 
would  raise  the  water  7^  ft— half  the  velocity  giving 
one  quarter  the  height.  In  the  present  apparatus 
the  height  that  the  water  is  lifted  is  7^  ft.  from  the 
level  in  the  trough  to  the  top  of  the  delivery  pipe  in 
the  tender,  which  requires  theoretically  a  velocity  of 
15  miles  per  hour;  and  this  is  confirmed  by  the 
results  of  experiments  with  the  apparatus :  for  at  a 
speed  of  15  miles  per  hour  the  water  is  picked  up 
from  the  trough  by  the  scoop  and  raised  to  the  top 
of  the  delivery  pipe,  and  is  maintained  at  that  height 
whilst  running  through  the  trough,  without  being 
discharged  into  the  tender. 

The  theoretical  maximum  quantity  of  water  that 
the  apparatus  is  capable  of  lifting  is  the  cubic  con- 
tent of  the  channel  scooped  out  of  the  water  by  the 
mouth  of  the  scoop  in  passing  through  the  entire 
length  of  the  trough ;  this  measures  10  in.  width  by 
2  in.  depth  below  the  surface  of  the » water  in  the 
trough,  and  441  yds.  length — amounting  to  1,148  gals, 
or  5  tons  of  water.  The  maximum  result  in  raising 
water  with  the  apparatus  is  found  to  be  at  a  speed  of 
about  35  miles  per  hour,  when  the  quantity  raised 
amounts  to  as  much  as  the  above  theoretical  total ;  so 
that,  in  order  to  allow  for  the  percentage  of  loss  that 
must  unavoidably  take  place,  it  is  requisite  to  measure 
the  effective  area  of  the  scoop  at  nearly  the  outside 
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of  the  metal,  which  is  ^  inch  thick  and  feather- 
edged  outwards,  making  the  orifice  slightly  bell- 
mouthed  and  measuring  at  the  outside  10^  in.  by 
2^  in. ;  this  gives  1,356  gallons  for  the  extreme  theo- 
retical quantity.  By  experiment  it  appears  that  the 
Tariation  in  the  quantity  of  water  delivered  is  very 
slight  at  any  speed  above  22  miles  per  hour,  at  which 
nearly  the  full  delivery  is  obtained ;  the  greater  ve- 
locity with  which  the  water  enters  at  the  higher 
speeds  being  counterbalanced  by  the  reduction  in  the 
total  time  of  action  whilst  the  scoop  is  traversing  the 
fixed  length  of  the  trough.  It  also  appears  that  at 
any  speed  above  that  which  is  sufficient  to  discharge 
the  water  freely  from  the  top  of  the  delivery  pipe,  all 
the  water  displaced  by  the  scoop  is  practically  picked 
op  and  delivered  into  the  tender.  In  these  expe- 
riments the  water  level  was  maintained  the  same  in 
the  trough  each  time  by  keeping  it  supplied  up  to  the 
overflow  orifice  at  each  end;  and  the  scoop  was 
lowered  to  the  same  level  each  time  by  means  of  the 
set  screws,  the  height  of  the  tender  itself  being  main- 
tained practically  the  same  in  each  case. 

The  construction  of  this  apparatus  was  pressed 
upon  Mr.  Ramsbottom  by  the  accelerated  working  of 
the  Irish  Mail,  the  arrangements  connected  with 
which  made  it  necessary  that  the  train  should  run 
from  Chester  to  Holyhead  (a  distance  of  84f  miles)  in 
two  hours.  A  supply  of  2,400  gallons  of  water  is 
found  to  be  required  for  this  journey  in  stormy 
weather,  and  it  became  necessary,  therefore,  either 
very  much  to  enlarge  the  tender  tanks,  or  to  intro- 
duce an  arrangement  under  which  the  tender  could 
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take  up  water  while  running.  The  latter  expedient 
was  preferred,  and  it  has  now  been  matured  and 
utilised  with  complete  success. 

Goods  Engines — Glasgow  and  South- Western 
Railway,  The  most  recent  form  of  goods  engine,  con- 
structed bj  Messrs.  Hawthorn  of  Newcastle  for  the 
Glasgow  and  South-Western  Railway,  is  represented 
in^.  78.  The  following  are  the  main  particulars  of 
that  engine: — ^Diameter  of  cylinder,  16in. ;  stroke, 
22in. ;  area  of  fire  grate,  13*33  sq.  ft;  heating  sur- 
face of  boiler,  930  sq.  ft. ;  sectional  area  through  tabe 
ferrules,  1*986  sq.  ft.  The  tubes  are  brass  of  12-wire 
gauge  at  fire-box  end,  and  14-wire  gauge  at  smoke- 
box  end,  fixed  with  steel  ferrules  at  fire-box  end  only. 
Barrel  of  boiler  4  ft.  diameter,  and  made  of  plates 
-jj^ths  thick.  The  leading  and  driving  wheels  are 
5  ft.  diameter  coupled,  and  have  tires  of  cast  steel. 
The  trailing  wheels  are  3  ft.  6  in.  diameter,  and  have 
tires  of  the  best  Yorkshire  iron.  This  class  of 
engines  has  inside  bearings  only  to  all  the  axles,  and 
the  boiler  is  supplied  with  water  by  one  of  Gifiard's 
No.  8.  injectors. 

Coupled  Passenger  Tank  Engine — London^  Chat- 
haniy  and  Dover  Railway,  This  engine,  also  con- 
structed by  Messrs.  Hawthorn,  is  represented  in  Jig. 
79,  and  its  principal  dimensions  are  as  follows: — 
Diameter  of  cylinders,  15 in.;  stroke,  22in. ;  area  of 
fire  grate,  15*75  sq.  ft. ;  heating  surface  of  boiler, 
906  sq.  ft ;  area  through  tube  ferrules,  1*963  sq.  ft. 
The  tubes  are  brass,  of  9-wire  gauge  at  the  fire- 
box end,  and  13-wire  gau^e  at  the  smoke-box  end, 
and  are  fixed  at  each  end  with  malleable  cast-iron 
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ferrules.  The  barrel  of  the  boiler  is  3  ft.  9  in.  dia- 
meter, and  is  made  of  -^th  plate.  The  leading 
wheels  are  3  ft  6  in.  diameter,  and  the  driving  and 
trailing  wheels  are  5  ft.  6  in.  diameter  coupled.  All 
the  wheels  have  cast-steel  tires.  These  engines  have 
both  outside  and  inside  frames,  and  the  boiler  is 
supplied  with  water  bj  two  of  Giffard's  No.  8 
injectors. 

Coupled  Express  Passenger  Engine — Ch'eai  North- 
em  Railway.  This  engine,  also  constructed  by 
Messrs.  Hawthorn,  is  represented  in  Jig,  80.  The 
chief  dimensions  are  as  follows: — Diameter  of  cy- 
linders, 16^  in. ;  stroke,  22  in. ;  area  of  fire-grate, 
14*92  sq.  ft. ;  heating  surface,  982  sq.  ft. ;  sectional 
area  through  tube  ferrules,  2*01  sq.  ft.  The  tubes  are 
of  brass  of  9- wire  gauge  at  fire-box  end,  and  13- wire 
gauge  at  smoke-box  end,  fixed  at  each  end  by  steel 
ferrules.  The  leading  wheels  are  4  ft.  diameter,  and 
the  driving  and  trailing  wheels  of  6  ft.  6  in.  diameter 
coupled.  These  engines  have  both  inside  and  out- 
side framing. 

Goods  Engine — Copiapo  Extension  Railway.  This 
engine^  represented  in^.  81,  and  also  constructed  by 
Messrs.  Hawthorn,  is  somewhat  on  the  American . 
model,  and  it  is  intended  to  be  capable  of  burning 
either  wood  or  coal.  The  cylinders  are  outside  cy- 
linders of  16  in.  diameter,  and  24  in.  stroke.  The 
area  of  fire-grate  is  15*77  sq.  ft. ;  area  of  ^eating 
surface,  1,102  sq.  ft. ;  and  sectional  area  through  lube 
ferrules,  2*147  sq.  ft.  The  tubes  are  of  brass  of  11- 
wire  gauge  at  fire-box  end,  and  1 4- wire  gauge  at 
smoke-box  end  ;  fixed  in  with  steel  ferrules  to  every 
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tube  at  fire-box  end,  but  with  onlj  every  sixth  tube 
ferruled  at  smoke-box  end.  The  barrel  of  the  boiler  is 
4  ft  2  in.  diameter,  formed  of  plates  -^ths  thick.  The 
fire  end  of  the  engine  is  carried  on  a  four-wheeled 
bogie  or  truck,  with  wheels  of  cast-steel  2  ft.  6  in. 
diameter ;  and  there  are  three  pairs  of  driving  wheels 
all  coupled,  made  of  malleable  iron  and  fitted  with 
steel  tires.  There  is  also  a  spark-catcher  on  the 
chimnej,  of  the  kind  usual  in  locomotives  where  wood 
is  burned.  These  engines  are  all  fitted'  to  work 
with  a  pressure  of  steam  in  the  boiler  of  130  lbs.  on 
the  sq.  in. ;  and,  with  the  exception  of  the  Great 
Northern  engine,  they  all  burn  coal.  Their  sjrmmetry, 
simplicity^  and  excellent  proportions  furnish  a  re- 
markable contrast  to  some  of  the  continental  engines, 
aod  do  great  credit  to  the  persons  concerned  in  their 
production.  The  ponderous  class  of  engines  called 
Crampton's  engines,  at  one  time  employed  in  this 
country,  has  now  gone  out  of  use.  Their  great 
weight  was  found  to  be  very  injurious  to  the  rails. 

DETAILS  OF  MODEBN  L0C0K0TIVE8. 

Cjflinders,  It  is  very  material  that  the  cylinders 
and  valves  should  be  made  of  as  hard  metal  as  possible, 
as  the  hardness  of  the  metal  will  mainly  determine  the 
durability.  Sometimes  valves  will  run  only  twelve 
months  before  requiring  to  be  renewed,  and  they  re- 
quire to  be  refaced  at  the  end  of  six  months.  But 
Stephenson's  engines  run  four  years,  and  have  been 
known  to  run  as  long  as  seven  years,  without  requiring 
material  repair.  The  metal  of  the  cylinders  is  so  hard 
that  a  file  will  scarcely  touch  it. 
n 
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The  cylinders  should  always  be  directly  connected 
with  the  frames  of  the  locomotive,  so  as  to  discharge 
the  whole  strain  npon  them  without  communicating 
it  to  the  boiler,  as  is  the  case  when  the  cylinders  are 
fixed  to  the  boiler.    Inside  cylinders  are  cast  in  two 
parts,  and  are  jointed  by  being  scraped  to  an  even 
surface.  The  joining  surfaces  should  make  a  good  joint 
by  being  greased  with  tallow  and  bolted  together. 
The  cylinders  are  formed  with  flanges  for  attaching 
them  to  the  frames,   and  those  flanges  are  planed 
parallel  to  each  other :  they  are  formed  with  a  ledge  on 
each  side  to  rest  on  the  edge  of  the  frame,  and  are  each 
bolted  to  the  frame  by  twelve  |-in.  bolts.  When  outside 
cylinders  are  employed,  they  are  bolted  in  the  same 
manner  to  the  outside  and  inside  frames.     The  valve 
casing  is  cast  on  the  cylinder.    The  area  of  the  steam 
ports  is  in  some  cases  one-ninth,  and  in  other  cases  one- 
twelfth  or  one-thirteenth  of  the  area  of  the  cylinder, 
and  the  eduction  port  one-sixth  to  one-eighth  of  the 
area  of  the  cylinder — proportions  which  allow,  at  mean 
speeds  of  25  to  30  miles  per  hour,  a  pressure  little 
different  from  that  of  the  steam  in  the  steam  pipes  to 
exist  For  higher  speeds  the  ports  should  be  larger  in 
proportion.    The  valve  casing  is  covered  with  a  door, 
which  can  be  removed  to  inspect  the  valve  or  the 
cylinder  face.     Some  valve  casings  have  covers  upon 
their  front  end  as  well  as  on  their  top,  which  admits 
of  the  valve  and  the  valve  bridle  being  more  readilj 
removed. 

The  valve  stuffing  box  is  commonly  made  to  receive 
from  2  to  8  in.  of  hemp  packing.     The  best  form  of 
valve  casing  to  afford  access  to  the  faces  is  formed 
n2 
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with  a  large  cover  underneath  the  cjlinders,  and  with 
wrought  iron  end  covers.  The  end  covers  can  he 
easily  taken  off,  and  in  case  the  cylinder  faces  have  to 
be  removed  or  filled  up  the  large  cover  can  be  taken 
off,  and  the  faces  are  then  easy  of  access.  With  this 
form  of  chest  the  cylinders  may  be  cast  together  in 
one  piece.  All  the  joints  about  the  cylinders  are 
made  metal  to  metal.  The  cylinder  barrel  is  f  to  44  >i^* 
thick,  and  the  flanges  are  1^  in.  thick,  finished  size. 
The  cylinder  and  valve  chest  covers,  when  of  cast  metal, 
are  from  ^  to  1^  in.  thick,  and  the  bolts  are  from  ^  to 
1  in.  diameter,  pitched  from  3^  to  5  in.  asunder.  The 
thickness  of  the  valve  chest  is  f  to  |-  in.  The  cy- 
linders are  joined  together  by  1-in.  bolts  from  5  to 
6  in.  apart.  Slide  valves  have  been  made  of  cast  iron, 
and  they  wear  longer  than  brass ;  but  brass  is  to  be 
preferred,  as  it  does  not  wear  the  cylinder's  face  so 
much.  The  body  of  the  valve  should  be  |  to  ^  in. 
thick,  and  the  face  l^in.,  although  some  valves  are 
a.s  little  as  f  in.  thick  in  the  face.  Tlie  exhaust  cavity 
should  be  about  2^  in.  deep,  and  well  rounded  ofl^  so 
as  to  give  a  free  exhaustion.  The  end  of  the  valve 
rod  should  be  forged  in  the  form  of  a  square  ring  or 
frame,  into  which  a  large  square  projection  on  the  back 
of  the  valve  fits.  This  ring  should  have  a  good  broad 
bearing  surface,  so  as  to  lessen  the  chance  of  wearing 
loose.  A  cock  is  still  placed  at  each  end  of  the  cy- 
linder, to  allow  the  water  to  be  discharged,  which 
accumulates  there;  and  the  four  cocks  of  the  two 
cylinders  are  conneeted,  as  heretofore,  so  that  by 
working  a  single  handle  the  whole  are  opened  or 
shut  at  the  same  time.    A  cock  is  also  sometimes  fitted 
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to  each  of  the  covers  of  outside  cylinders  with  the 
end  formed  into  a  svnrel  joints  so  as  to  admit  of  being 
tamed  upwards  to  allow  melted  tallow  and  oil  to  be 
poured  through  it  with  the  cylinder*  But  on  the  whole 
it  is  now  judged  preferable  to  use  an  apparatus  which 
will  feed  the  tallow  to  the  cylinder  continuously.  A 
good  deal  of  saving  in  tallow  is  accomplished  by  this 
apparatus,  and  the  pistons  are  kept  in  better  order. 
The  valve  faces  are  supplied  with  grease  by  oil  cups, 
one  on  each  side  of  the  smoke  box,  provided  with  double 
cocks,  so  that  a  supply  of  oil  may  be  admitted  during 
the  time  the  engine  is  at  work.  But  here  also  it  is  desir- 
able that  the  supply  should  be  continuous. 

Pistons  and  Piston  Mods.  Piston  rods  are  some- 
times made  with  a  disc  forged  on  one  end  about 
3  in.  thick  and  6  in.  diameter,  a  recess  being  bored 
out  in  the  piston  to  receive  the  disc.  The  body 
of  the  piston  is  slipped  down  upon  the  rod  until 
it  encounters  the  disc,  to  which  it  is  made  fast. with 
four  f-in.  or  {-in.  rivets.  Sometimes  the  rod  is  only 
tapered  into  the  piston  and  cuttered«  The  piston  is 
made  of  cast  iron  or  brass,  but  generally  the  latter, 
which  is  preferable  to  cast  iron,  as  it  does  not  so 
easily  break  under  the  action  of  priming  and  loose 
bolti^  and  it  is  also  lighter.  The  thickness  of  the  metal 
in  the  body  for  cast  iron  is  f  to  f  in.,  and  for  brass 
I  in.  The  thickness  round  the  hole  into  which  the 
rod  is  cntteredis  l^in.  for  brass,  and  for  cast  iron  1| 
in.  The  total  breadth  of  the  piston  is  from  2^  to  4^ 
in.,  and  the  cutters  are  1|-  to  1^  in.  broad,  and  f  in. 
thick,  tapering  |  in.  per  foot.  The  rings  are  from  }  to 
1^  in.  broad,  and  f  in.  thick.   For  soft  cylinders  brass 
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piston  rings  are  best,  but  for  hard  cylinders  cast  iron 
rings  wear  verj  smooth  and  require  less  looking  at. 
On  the  London  and  North- Western  Railway  and  on 
some  other  lines  a  wrought  iron  piston  is  used,  the 
rod  and  piston  being  forged  in  one  piece.  The  piston 
is  recessed  on  the  circumference  to  receive  the  packing 
rings,  of  which  there  are  two  for  a  16-in.  piston. 
These  rings  are  formed  of  brass,  and  one  is  placed 
in  each  recess  or  groove.  Under  each  ring  there  is 
a  steel  hoop  \  in.  thick,  of  the  same  breadth  as  the 
packing  ring,  which  is  ^  in.  broad  and  ^  in.  thick  The 
depth  of  the  recesses  is  f  in.,  and  the  thickness  of 
the  piston  at  that  part  is  ^  to  ^  in.  The  total  breadth 
is  2^  and  2^  in.,  and  the  ends  of  the  piston  are 
recessed,  so  as  to  leave  the  body  l^in.  thick.  The 
brass  rings  are  formed  in  two  parts,  and  jointed  with 
tongue  pieces  |^in.  thick.  The  steam  is  admitted 
behind  the  ring  through  -^in.  holes  drilled  in  the 
back.  The  top  of  the  piston  rod  is  secured  by  a  cutter 
into  a  socket  with  jaws,  through  the  holes  of  which  a 
crosshead  passes,  which  is  embraced  between  the 
jaws  by  the  small  end  of  the  connecting  rod,  while 
the  ends  of  the  crosshead  move  in  guides.  The  cross- 
head  is  made  of  wrought  iron,  and  the  piston  rod  is 
tapered  where  it  joins  the  crosshead  at  the  rate  of 
about  1  in  30,  and  is  secured  by  a  cutter  f  to 
^  in.  thick,  and  2  in.  broad,  tapering  to  1^  in.  The 
crosshead  is  pUced  transversely  to  the  guide  bars, 
and  is  from  2^  to  3^  in.  in  diameter  at  the  part 
where  it  enters  the  guide  blocks.  The  feed-pump  rod 
joins  the  crosshead  outside  the  guide  blocks.  A  good 
form  of  locomotive  piston  is  shown  in  Jigs.  82,  83, 
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and  84,  which  also  show  the  piston  rod,  crosshead, 
and  guide  blocks.  The  piston  rod,  it  will  be  seen,  U 
formed  in  the  same  piece  with  the  piston.  The 
packing  rings  are  formed  in  two  tiers,  breaking 
joint  with  one  another ;  and  thej  are  pressed  out  bj 
springs,  tightened  by  screws  passing  through  the 
body  of  the  piston.  The  cylinder  bottom  has  a  pro- 
jection upon  it  to  fit  the  recess  in  the  piston,  whereby 
waste  of  steam  is  preyented. 

Guides.  Most  makers  still  attach  their  guides  at 
one  end  to  a  cross  stay,  and  at  the  other  end  to  lugs 
upon  the  cylinder  cover ;  and  they  are  made  stronger 
in  the  middle  than  at  the  ends.  Some  guide  bars 
are  grooved  out  to  a  depth  f  to  1  in.,  being  flat  at  the 
bottom,  but  wider  at  the  top  than  at  the  bottom — ^the 
sides  of  the  groove  being  sloped.  The  guide  blocks 
are  of  brass ;  and  in  wearing  down  they  maintain  their 
position  in  the  groove.  This  mode  of  construction 
prevents  side  play,  such  as  occurs  with  flat  bars  and 
blocks  with  lateral  flanges.  Guides  are  best  when 
made  double,  so  as  to  admit  a  single-ended  connecting 
rod.  The  guide  blocks  are  commonly  from  9  to 
10  in.  long  and  3  in.  broad,  with  ^-in.  flanges  in  the 
ease  of  flat  bars.  They  are  made  of  cast  iron  chilled, 
or  wrought  iron  steeled.  Sinclair  uses  cast  iron  for 
both  blocks  and  bars,  and  it  is  said  they  wear  well  if 
properly  attended  to.  I  have  also  used  the  same  in 
marine  engines  with  the  piston  travelling  700  ft.  per 
minute.  Solid  steel  bars  and  brass  blocks  run  well 
together.  The  bars  are  from  1}  to  2  in.  thick  at  the 
middle,  tapering  to  1  or  1^  in.  at  both  ends,  and 
from  2^  to  3  in.  broad.     They  are  generally  fixed  at 
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one  end  to  the  cjlinder  cover,  and  at  the  other  end  to 
brackets  bolted  or  rivetted  to  the  motion  plate  by  two 
|-incb  bolts  or  rivets.  An  example  of  the  ordinary 
kind  of  guide  bars  is  given  in  Jigs,  85  and  86  :-* 

Figs.  86  and  86. 


S 


GCIDI-BAU  OP  LOCOMOTIVU. 

Link  Motion.  The  link  motion  proper  for  loco« 
motives  resembles  the  link  motion  as  applicable  to 
marine  engines,  of  which  I  have  already  given  ex- 
amples. The  valve  spindle  is  from  1^  to  1^  in.  dia- 
meter, and  works  through  a  stuffing  box  at  each 
end  of  the  valve  chest.  The  end  which  is  connected 
with  the  link  motion  is  sometimes  coupled  to  a  square 
guide,  which  works  in  a  socket  fixed  to  the  guide  bars, 
and  in  oatside  cylinders  to  the  side  of  the  frame. 
On  the  end  of  the  spindle  is  a  socket  secured  by  a 
cutter  and  jointed  to  a  connecting  rod  |  to  1^  in. 
thick,  and  2  to  3  in.  deep,  which  is,  in  most  cases, 
suspended  by  a  link  from  the  boiler  bottom  and  has 
a  forked  end,  between  which  the  motion  or  slotted 
link  works.  To  each  end  of  the  slotted  link  an 
eccentric  rod  is  coupled  by  a  l|-in.  pin.  The  other 
end  of  the  eccentric  rod  is  attached  to  the  eccentric 
strap ;  and  thus  the  valve  derives  its  motion,  in  the 
manner  explained  elsewhere.    An  example  of  the 


186      REGENT  IMPBOYE1IBKT8  IN  THE  8TEAH  ENGINE. 

slide  valve  and  link  motion,  as  usually  applied  in 
modem  looomotives,  is  given  in  figs*  87,  88,  and  89. 
In  this  view  the  valve  is  shown  at  the  one  end  of  the 
valve  rod  and  the  link  at  the  other.  To  the  ends  of 
the  link  the  eceentric  rods  are  attached.  The  end  of 
the  valve  rod  nearest  the  link  is  sustained  in  its 
position  by  a  short  supporting  link;  but  a  guide 
would  be  better,  as  the  versed  sine  of  this  link  will 
distort  the  motion.  The  eild  of  the  valve  rod  joins 
the  block  which  is  placed  within  the  link,  and  de- 
rives its  motion  from  it. 

Eccentrics  and  Eccentric  Bods,  In  Jig,  90  we  have 
an  example  of  the  eccentric  strap  and  rod  of  a  modem 
locomotive.  The  eccentric  is  put  on  in  two  pieces 
secured  together  bj  cutter  bolts ;  and  it  is  secured 
on  the  axle  by  a  key  and  also  by  two  screw  bolts 
penetrating  a  short  distance  into  the  axle.  In  Sin- 
clair's Rouen  Engines  with  straight  axles  the  four 
eccentrics  were  cast  in  one  piece. 

Sometimes  eccentrics  are  made  of  wrought  iron, 
and  are  steeled  by  case-hardening.  Generally  the 
smaller  half  of  the  eccentric  is  now  made  of  malle- 
able iron,  though  the  larger  half  may  be  made  of 
cast  iron.  When  thus  formed  the  weakest  part  is  | 
in.  thick.  If  the  eccentric  be  wholly  of  cast  iron, 
it  should  be  14^  in.  thiek  in  the  weakest  part.  In  ad- 
dition to  a  pinching  screw  it  should  be  secured  by  a 
key,  let  ^  in.  into  the  shaft,  and  ^  in.  into  the  eccen- 
tric. Most  eccentrics  have  square  grooves  tumed  on 
the  edges,  into  which  fits  a  corresponding  intemal 
flange  on  the  hoop  or  brass.  The  ordinary  form  of 
eccentric  and  hoop  is  shown  in^.  90. 


Ffgs.  87,  88,  and  89. 


LocoMonvK  Valtb,  Linx-motion,  amo  Conmbctions. 
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LocoMonvB  EccBNTRic  wnre  Eccbntric  Stkap  and  Rod. 

Mineral  Locomotives*  A  class  of  locomotives  is 
emplojed  at  collieries,  and  to  carry  iron  ore  and  other 
minerals,  of  a  cheaper  construction  and  a  smaller  size 
than  the  common  locomotives.  At  the  Great  Exhi- 
bition in  1862,  Messrs.  England  &  Co.  exhibited  an 
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engine  with  11 -in.  cylinders,  six  wheels — four  of  them 
coupled— of  4  fU  diameter,  and  with  153  tubes  If  in. 
diameter  in  the  boilen  Messrs.  Manning,  Wardle 
&  Co.  of  Leeds  exhibited  a  colliery  locomotive  with 
9-in.  cylinders,  four  wheels  coupled,  of  2  ft.  9  in, 
diameter,  and  55  tubes  of  2  in.  diameter  in  the  boiler  ; 
the  area  of  the  grate  being  4*9  sq.  ft,  and  the  pressure 
of  steam  120  lbs.  per  sq.  in.  The  Neath  Abbey  Iron 
Company  exhibited  a  locomotive  adapted  for  running 
on  a  gauge  of  2  ft  8  in.  It  had  8-in.  cylinders,  four 
coupled  cast-iron  wheels  of  2  ft  4  in.  diameter,  and 
o9  tubes  in  the  boiler,  1^  in.  diameter  and  6  ft.  long. 
The  area  of  grate  was  3*5  sq.  ft.,  the  total  area  of 
heating  surface  181  sq.  ft.,  and  the  weight  6  tons 
17  cwt  With  steam  of  66  lbs.  pressure  it  could  draw 
12  waggons,  each  weighing  4^  tons,  at  a  speed  of 
8  miles  an  hour. 

A  very  good  example  of  a  mineral  locomotive 
engine  is  represented  in  Ji^,  91,  which  is  a  form  of 
mineral  tank  locomotive  engine,  constructed  by 
Messrs,  Fletcher,  Jennings  &  Co.  of  Whitehaven, 
who  have  devoted  themselves  to  the  special  manu- 
facture of  this  class  of  engine.  In  this  engine  the 
valve  gear  is  worked  from  the  fore  axle  so  as  to 
enable  the  hind  axle  to  be  got  under  the  fire  box, 
and  thereby  reduce  the  overhanging  weight  The 
water  is  carried  in  tanks  beneath  the  foot  plate  and 
under  the  barrel  of  the  boiler.  Messrs.  Fletcher, 
Jennings  &  Co.  have  constructed  numerous  engines 
of  this  class  for  gauges  of  2  ft.  3  in.,  2  fit.  8  in.,  and 
2  ft.  10  in.,  which  are  common  gauges  of  the  rail- 
ways conveying  minerals  from  the  Welsh  mines. 
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EXAMPLE  OF  AN  ICE  LOCOMOTIYE. 
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Locomotive  for  Running  on  Ice.  Fig,  92  repre- 
sents a  locomotive  for  ranning  upon  ice,  constructed 
by  Messrs.  Neilson  of  Glasgow,  and  reported  to  have 
been  snccessfuUj  employed  in  conveying  goods  and 
passengers  on  the  Neva  between  St.  Petersburg  and 
Cronstadt  during  the  winter  months.  The  front  part 
of  the  engine  rests  on  a  sledge,  which  is  capable  of 
being  moved  round  a  centre  by  a  pinion  gearing 

Fig,n 


LocoMOTiTi  ro«  Rumfi.fo  upom  Iob,  bt  Mbmri.  Niilson  or  Glasgow. 


into  a  segment,  and  worked  by  the  steering  wheel 
shown  at  the  front,  which  gives  motion  to  an  endless 
screw  gearing  with  a  suitable  wheel,  which  turns  the 
spindle  of  the  pinion  round  with  great  force ;  and 
by  swivelling  the  sledge— which,  however^  would  be 
better  done  by  a  small  engine — the  machine  is  steered. 
The  after  part  of  the  engine  rests  upon  two  driving 
wheels  5  ft<  diameter,  the  peripheries  of  which  are 
studded  with  steel  spikes  to  grip  the  ice.    The  cylin- 
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ders  are  of  10  in.  diameter  and  22  in.  stroke.  The 
weight  of  the  engine  is  12  tons,  and  it  realises  a  speed 
of  18  miles  an  hour.  It  will  be  proper  in  such  an  engine 
to  apply  a  shelving  edge  on  each  side  of  the  sledge, 
so  that  its  swivelling  may  not  be  prevented  by  sink- 
ing somewhat  into  the  ice  or  beaten  snow ;  and  to  the 
same  end  the  swivelling  gear  should  be  powerful  and 
under  easy  and  rapid  control  under  the  worst  circum- 
stances likely  to  occur.  In  Russia  and  in  Sweden 
extensive  lakes  and  other  tracts  of  water,  being  frozen 
in  winter,  are  available  for  the  application  of  such  an 
apparatus.  But  in  some  of  the  lakes  there  are  warm 
springs  which  create  holes  in  the  ice ;  and  the  desi- 
deratum to  be  aimed  at  is  to  render  available  the 
little  vessels  which  ply  in  summer  for  plying  also  in 
winter  by  mounting  them  on  a  sledge,  as  was  pro- 
posed by  me  to  be  done  for  some  lakes  in  Sweden  in 
1847. 

Locomotives  for  Common  Roads.  The  rapid  ex- 
tension of  railways  in  this  country  has  nearly  super- 
seded the  necessity  of  employing  steam  carriages  on 
common  roads,  which  at  one  time  appeared  likely  to 
be  extensively  introduced.  But  in  other  countries 
not  possessed  of  the  same  highly-developed  system  of 
locomotion  the  use  of  steam  traction  on  common  roads 
is  still  very  important.  In  1843  I  described  in  the 
*  Artizan  *  an  arrangement  whereby  the  power  of  the 
engine  of  a  common  road  locomotive  might  be  com- 
municated to  the  wheels  without  interfering  with  the 
free  action  of  the  springs  ;  and  ever  since  1847,  when 
I  first  went  to  India,  I  have  continued  to  urge  the 
employment  .of  suitable  locomotives  upon  the  great 
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roads  of  that  country.  In  1862,  being  tben  at 
Lahore,  and  finding  that  there  was  one  of  BojdelFs 
traction  engines  at  Bombay,  which  had  been  sent  out 
for  the  gOTemment,  but  had  never  been  used,  I  pur- 
chased it  and  had  it  conveyed  to  Moultan,  and  it 
went  under  steam  from  thence  to  Lahore,  a  distance 
of  about  200  miles,  over  one  of  the  worst  roads  in 
India.  This  journey,  however,  owing  to  exceptional 
drcumstances,  was  not  accomplished  without  consi- 
derable difficulty.  From  lying  so  long  at  Bombay, 
the  woodwork  of  the  shoes  had  become  rotten,  and 
the  shoes  had  consequently  to  be  taken  off  altogether 
on  the  road,  when  the  engine  sank  in  the  soft  ground ; 
and  it  had  in  several  instances  to  be  extricated  with 
considerable  difficulty.  I  found,  moreover,  that  special 
provision  required  to  be  made  on  many  points  to  make 
the  engine  suited  for  such  roads,  which  are  not  only 
filled  with  ruts  and  soft,  but  in  summer  are  deep  in 
dust,  and  during  the  inundations  deep  in  mud.  The 
dust,  during  the  journey  I  referred  to,  rose  over  the 
surface  of  the  shoes,  and  was  lifted  up  by  them  and 
scattered  in  the  air ;  and  each  spoke  of  the  wheel  acted 
as  a  scoop  to  lift  up  the  dust  and  precipitate  it  over 
the  engine.  The  evils  presented  by  such  difficulties, 
however,  are  not  insuperable,  but  they  indicate  the 
necessity  of  covering  over  every  working  part  of  the 
engine  so  effectually  that  dust  cannot  enter,  and  also 
of  not  trusting  to  wood  at  all  in  such  a  climate  in  the 
construction  of  any  of  the  parts.  The  shoes,  or  rather 
pattens,  should  be  formed  of  wrought  iron  or  steel 
boxes,  6  in.  deep ;  and  I  think  it  would  be  preferable 
to  have  their  movements  governed  by  a  central  cam 
o 
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or  eccentricy  as  in  a  feathering  paddle-wheel,  instead 
of  leaving  them  to  assume  their  respective  positions 
from  the  action  of  gravity  alone.  The  geared  wheels 
and  pinions  should  be  formed  of  steel,  as  also  most  of 
the  parts  of  the  engine  should  be,  to  reconcile  light- 
ness with  strength. 

Bojdell's  engine  is  represented  in^.  93.  It  re- 
sembles a  locomotive,  the  fore  wheels  of  which  are 
made  to  swivel  by  proper  steering  gear ;  and  the  main 
part  of  the  weight  is  carried  on  the  driving  wheel, 
which  is  encircled  by  a  series  of  boards  called  an 
*  endless  railway,*  which  successively  place  themselves 
on  the  ground  in  advance  of  the  wheel,  and  the  wheel 
then  passes  over  them  without  sinking  in  the  ground. 
In  fact  they  act  on  the  principle  of  the  snow  shoe  in 
giving  area  proportionate  to  the  softness  for  sus- 
taining the  weight.  No  doubt  improvements  in  the 
details  of  these  engines  may  be  suggested ;  but  the 
principle  is  sound,  and  the  modifications  required  to 
adapt  them  to  conditions,  such  as  obtain  in  an  exotic 
country  like  India,  cannot  be  anticipated  by  manufac- 
turers at  home,  but  must  be  indicated  by  persons  on 
the  spot  who  are  determined  to  make  the  engines 
answer,  instead  of  searching  for  some  petty  pretext  to 
justify  their  condemnation.  In  connection  with  the 
movements  of  the  army  in  India,  such  engines  would 
be  of  signal  value,  to  say  nothing  of  the  operations  of 
agriculture ;  and  the  time  has  now  come  when  the 
rise  in  the  value  of  labour  in  India  and  the  increasing 
demand  for  Indian  produce— coupled  with  the  im- 
provements in  steam  cultivation  at  home — must  open 
the  doors  of  that  great  country,  heretofore  and  even 
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jet  sealed  up  bj  the  Darrow  policy  of  an  exclusive 
oligarchy — now  changed  rather  in  name  than  in  fact 
— and  present  a  new  field  of  effort  and  of  emolument 
to  the  enterprise  of  the  British  engineer.  No  country 


Fig.  93. 


BoYDBLL't  Traction  Emoinb. 

in  the  world  is  better  suited  than  India  for  the  applica- 
tion of  steam  cultivation.  It  consists  in  great  part  of 
vast  alluTial  plains,  which  may  be  mapped  out  into 
any  shape  judged  suitable  for  steam  culture ;  and  as, 
with  irrigation,  three  crops  in  the  year  may  be 
calculated  on,  the  apparatus  may  be  kept  in  almost 
constant  use  for  ploughing,  or  reaping,  or  threshing. 
Fuel  is  scarce  in  some  parts,  but  may  easily  be 
cheapened  by  planting  trees  of  rapid  growth. 

Brat/'s    Traction  Engine,      This    engine,  which 
02 
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prevents  sinking  by  using  wide  wheels,  and  prevents 
slipping  by  causing  short  spades  to  project  at  pleasure 
from  the  surface  of  the  driving  wheel  by  means  of  an 
eccentric  on  the  driving  axle,  is  represented  in  its 
original  state  in^.  94  ;  but  the  Company  has  since 
availed  itself  of  the  abilities  of  Mr.  Clark  in  the  pro- 
duction of  a  more  perfect  engine,  which  has  now 
more  of  the  locomotive  type  about  it  than  before. 

In  Aveling's  Patent  Traction  Engine,^.  95,  manu- 
factured by  Messrs.  Aveling  k  Porter  of  Rochester, 
there  is  a  single  cylinder  surrounded  by  a  steam  jacket, 
which  is  in  direct  communication  with  the  boiler  by 
means  of  steam  ways  or  orifices  made  in  the  top  of 
the  boiler.  There  will  be  little  tendency  to  prime 
in  this  engine,  as  the  cylinder  is  brought  to  the 
forward  part  of  the  engine,  and  on  ascending  incline;) 
the  cylinder  is  necessarily  fed  with  dry  steam ;  while, 
in  descending,  little  steam  is  required.  By  this  ar- 
rangement the  use  of  steam  pipes  either  inside  or 
outside  the  boiler  is  dispensed  with.  Engines  with 
single  cylinders  and  reversing  gear,  connected  to  the 
driving  axle  by  chain  gear,  have  proved  themselves 
to  be  perfectly  efficient  They  are  less  complicated, 
and  on  the  whole  are  better  adapted  for  general 
traction  purposes  than  engines  with  double  cylinders. 

The  working  parts  are  housed  in  from  the  influence 
of  the  weather.  The  toothed  gearing  is  also  covered 
with  light  iron  splashers.  The  propelling  gear 
consists  of  a  pinion  at  each  end  of  the  crank  shaft 
(either  of  which  can  be  thrown  in  and  out  of  gear 
with  the  spur  wheel  below  by  sliding  it  along  a 
feather  on  the  crank  shaft)  working  into  spur  wheels 
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on  a  counter  shafl  below.  On  this  shaflb  is  a  chain 
pinion  with  chilled  teeth,  to  take  in  a  pitch  chain 
made  of  wrought  iron  links  with  steel  pins.  In  the 
brackets  carrying  the  shaft  there  are  curved  slots, 
struck  from  the  centre  of  crank  shaft  above,  for  taking 
up  the  slack  of  the  endless  driving  chain.  These 
pinions  are  kept  in  the  positions  required  bj  means  of 
a  simple  clip  of  spring  steel  embracing  the  shaft,  and 
lined  with  leather.  The  adjustment  for  taking  up 
the  slackness  of  the  chain  is  eifected  by  the  brass 
bearings  carrying  the  shaft  being  kept  up  in  the  slot  by 
a  block  at  the  bottom  of  each.  There  is  another  past 
iron  block  above,  lying  on  the  bearing,  and  kept  down 
by  a  set  screw.  When  the  chain  has  to  be  shortened, 
the  thinner  block  below  is  taken  out,  and  the  thicker 
one  above  is  substituted  in  its  stead.  The  brass  step 
is  thus  fixed  in  a  perfectly  firm  and  solid  adjustable 
bearing.  The  gearing  is  connected  to  the  driving 
wheels  by  means  of  the  endless  chain,  passing  round 
the  chain  pinion  on  the  counter  shaft  and  a  large 
chain  wheel  keyed  on  the  axle.  The  driving  wheels 
are  6  ft.  6  in.  diameter ;  on  the  face  of  the  wheels  is 
an  outer  tire,  parts  of  which  may  be  removed  and  re- 
placed by  angle  iron  paddles  or  clips,  for  use  in 
passing  over  soft  and  yielding  ground. 

The  boiler  is  carried  through  from  end  to  end, 
without  any  break  in  the  configuration,  whereby  the 
use  of  angle  iron  is  dispensed  with.  The  stay  bolts 
of  the  fire-box  are  pitched  4}  in.  from  centre  to  centre. 
The  fire-box  is  adapted  for  burning  wood  or  coal  fuel. 
The  water  for  feeding  the  boiler  is  carried  in  a  tank 
made  of  wrought  iron  plates  and  bolted  to  the  side 
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plates  of  the  fire  box,  which  are  carried  out  for  this 
purpose.  The  draw  bar  is  formed  of  t  iron,  the  ends 
of  which  are  returned,  or  bent  back,  and  bolted  to 
the  wrought  iron  side  plates  of  the  tank. 

The  steerage  is  effected  bj  a  single  disc  wheel 
carried  on  the  lower  end  of  a  vertical  spindle,  sup- 
ported in  a  collar-bearing  on  the  front  end  of  a  pair 
of  angle  iron  shafts  secured  to  the  fore  carriage  of 
the  engine.  The  upper  end  of  the  vertical  spindle  is 
provided  with  a  lever-handle  extending  back  towards 
the  steersman,  who  is  seated  between  the  shafts  at 
the  front  end  of  the  engine.  This  engine  is  capable 
of  ascending  inclines  of  1  in  12^  with  a  load  of  20 
tons,  and  with  8  tons  will  ascend  an  incline  of  1  in  6. 
On  a  level  road  in  fair  condition  it  will  haul  40  tons 
with  ease. 

One  hundred  and  thirty  of  these  engines  are  now 
in  use  in  different  parts  of  the  world,  and  are  used  in 
sugar  and  coffee  plantations,  and  in  copper  and  lead 
mines,  in  dockyards,  and  wherever  large  quantities 
of  materials  and  heavy  weights  have  to  be  removed. 
Messrs.  Aveling  &  Porter  have  manufactured  and 
exported  these  engines  to  Russia  for  the  govern- 
ment, to  Jamaica,  Queensland,  Java,  Egypt,  Prussia, 
Buenos  Ayres,  &c.,  &c. ;  and  the  increased  demand 
proves  that  steam  power  on  common  roads,  and  in 
new  colonies,  is  now  attracting  the  attention  which 
its  importance  and  utility  justify.  For  feeding 
the  traffic  of  railways  steam  traction  on  common 
roads  is  particularly  valuable.  In  India,  branch 
railways  have  been  projected  for  this  purpose,  which 
were  at  one  time  intended  to  have  a  narrower  gauge 
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than  the  ordinary  railways  of  that  country.  But  the 
injudicious  break  of  gauge  has  now  been  abandoned, 
and  all  railways,  whether  trunk  or  branch,  established 
to  carry  on  ihe  communication  of  the  country,  are 
intended  to  have  the  same  gauge.  Prior  to  the  for- 
mation of  a  railway,  however,  it  is  advisable  to  make 
a  metalled  common  road  on  which  traction  engines 
may  run;  and  when  the  traffic  has  thus  been  by 
degrees  nursed  up  to  a  certain  point  of  magnitude, 
it  will  become  advantageous  to  lay  down  rails  for  the 
engines  to  ran  upon.  This  is  the  proper  course  of  do- 
yelopement  in  a  new  or  undeveloped  country ;  and  the 
construction  of  expensive  lines  of  railway  in  districts 
covered  with  jungle,  and  destitute  of  population, 
cannot  be  justified  by  any  principle  of  reason  or  any 
indication  of  common  sense. 

Aveling's  Patent  Agricultural  Road  Locomotive, 
designed  £br  steam  cultivation,  threshing,  sawing,  and 
removing  agricultural  produce,  is  represented  in  Jig, 
96.  The  boiler,  like  that  already  described,  is  unu- 
sually large  and  is  flush ;  it  is  clothed  with  hair  felt, 
lagged  and  covered  with  sheet  iron  from  end  to  end. 
The  cylinder  and  working  parts  are,  like  those  of  the 
engine,  intended  exclusively  for  traction  purposes. 
The  gearing,  however,  is  single,  and  for  one  speed  only. 
There  is  a  pinion  on  the  end  of  the  crank  shaft,  work- 
ing into  a  spur  wheel  on  a  stud  below ;  and  on  this 
wheel  is  cast  a  chain  pinion  to  take  in  the  endless 
pitch  chain.  This  gearing  works  on  the  stud  in  a 
carved  slot  in  the  lower  part  of  one  of  the  crank  shaft 
brackets,  struck  from  the  centre  of  the  crank  shaft. 
In  the  side  of  the  bracket  is  an  adjusting  set  screw, 
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working  throtigh  a  tapped  boss,  and  bearing  at  its 
inner  end  against  the  side  of  the  stud  shaft*  By 
turning  this  screw  the  stud  shaft  maj  be  caused  to 
slide  laterally  in  the  curved  slot,  as  this  slot  in  the 
bracket  is  struck  from  the  centre  of  the  crank  shaft, 
and  by  this  arrangement  the  stud  shaft  may  be  ad- 
justed to  any  desired  amount,  so  as  to  tighten  up  the 
driving  chain  without  interfering  with  the  gearing 
together  of  the  spur  wheel  on  the  stud  and  the  pinion 
on  the  crank  shaft 

The  spur  wheel  receives  motion  from  the  pinion, 
which  slides  laterally  by  means  of  a  groove  and  feather 
on  the  end  of  the  crank  shaft,  but  always  revolves 
with  the  shaft*  The  object  of  this  lateral  adjustment 
of  the  pinion  is  to  throw  it  in  or  out  of  gear  with 
the  spur  wheel,  so  that,  when  the  engine  is  not  re- 
quired to  travel  over  the  ground,  the  locomotive 
gear  may  be  thrown  out  of  action ;  and  the  engine 
can  then  be  immediately  employed  to  drive  plough- 
ing, threshing,  sawing,  or  any  other  machinery,  in 
the  same  manner  as  ordinary  stationary  or  portable 
engines. 

On  the  axle  of  the  road  wheels  is  a  large  chain 
wheel,  round  which  and  the  chain  pinion  an  endless 
chain  passes,  connecting  it  to  the  driving  gear  already 
described* 

The  road  or  driving  wheels  are  loose  on  the  axle, 
bat  are  driven  by  a  bolt  passing  through  a  boss  on 
the  nave  and  through  the  chain  wheel  on  the  one 
side,  and  on  the  other  through  a  hole  cast  in  the 
friction. break,  which,  like  the  chain  wheel,  i^  keyed 
opon  the  axle.     The  object  in  connecting  the  wheels 
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with  the  driying  gear  in  this  manner  is  to  enable 
either  wheel  to  be  readily  disconnected,  which  is  a 
great  advantage  in  torning  very  sharp  corves.  But 
a  self-acting  clutch  may  also  be  used  for  this  purpose. 
The  driving  or  road  wheels  are  5  ft  6  in.  in  diameter, 
and  16  in.  broad  on  the  face ;  there  is  a  5  ft.  fly-wheel 
for  driving  machinery  when  the  engine  is  disconnected 
from  the  locomotive  gearing.  There  are  now  many 
of  these  engines  that  have  travelled  from  4  to  6,000 
miles,  moving  from  farm  to  farm,  with  a  threshing 
machine  attached,  over  the  worst  roads  in  England  at 
all  seasons  of  the  year.  The  saving  of  horse  labour 
in  this  instance  alone  is  far  from  being  unimportant. 
The  engine  is  none  the  less  suitable  for  common  farm 
purposes  firom  being  able  to  move  itself  about  from 
place  to  place ;  and  many  years  ago  I  suggested,  in 
my  *  Catechism  of  the  Steam  Engine,'  the  expediency 
of  such  a  combination. 

An  engine  very  much  resembling  Messrs.  Avellng 
%  Porter's  Farm  Traction  Engine  is  constructed  by 
Messrs.  Robey  8c  Co.  of  Lincoln.  This  engine  is  re- 
presented in  fy,  97;  and  an  engine  by  the  same 
makers,  adapted  to  the  general  purposes  of  steam  loco- 
motion on  common  roads,  is  represented  in^.  98^ 
Messrs.  Robey  &  Co.'s  portable  engine  is  the  same 
species  of  engine  as  that  shown  in  Jig.  96,  but  without 
the  locomotive  gear. 

In  traction  engines  for  common  roads  the  objects 
to  be  fulfilled  are  now  different,  so  far  as  regards  use 
in  this  country,  from  what  they  were  in  1830  when 
Gumey,  Hancock,  Ogle  &  Summers,  and  various 
other  engineers  introduced  steam  carriages  on  the 
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common  road,  some  of  which  machines  were  charac- 
terised bj  mach  mechanical  ability.  At  that  time 
the  design  was  to  supersede  stage  coaches.  But  this 
end  has  been  attained  bj  railways  more  completely 
than  could  be  done  by  any  form  of  steam  apparatus 
on  the  common  roads.  Although,  however,  steam 
coaches  are  no  longer  required  in  England,  steam 
waggons  may  be  made  a  valuable  expedient  of  inter- 
nal transport  for  domestic  purposes,  or  as  ancillary 
to  railways;  while  in  foreign  countries  less  developed 
than  England,  and  still  without  railways  in  many 
districts,  steam  coaches  on  the  common  road  may 
be  made  a  valuable  intermediate  improvement, 
and  rails  may  finally  be  laid  down  when  the  traffic 
has  risen  to  such  a  point  as  to  warrant  the  ex- 
penditure. 

The  form  of  traction  engine  constructed  by  Messrs. 
Garrett  &  Son,  represented  in^.  99,  nearly  resembles 
one  of  the  forms  employed  by  Messrs.  Aveling  & 
Porter ;  and  most  of  these  forms,  it  will  be  observed, 
are  the  natural  developement  of  the  common  portable 
farm  engine,  which  common  sense  indicates  should  be 
made  capable  of  being  put  to  as  many  useful  purposes 
as  possible. 

Messrs.  Clayton,  Shuttleworth  &  Go's  Traction 
Engine  is  represented  in  fig,  100.  This  engine  is 
substantially  the  portable  engine  of  the  same  makers, 
with  some  additions;  and  in  101  there  is  another 
form  of  their  portable  engine  adapted  for  pumping 
water. 

One  of  the  most  important  applications  of  the 
portable  engine  is  to  the  work  of  steam  ploughing,  for 


208      RECENT  IMPROVEMENTS  IN  THE  STEAM  ENGINE. 


CLArroW,  aHUTTLEWOETH  ft  CO'S.  TSACIIOH  KNGWE.  209 


210     BECENT  IHPROTEMEKTS  m  THE  STEAM  ENGINE. 

which  each  principal  manafacturer  has  some  special 
arrangement.    That  known  as  Sayor/s  system  is  re- 


Clayton,  Shuttlbworth  and  Ca*8  Portable  Stsau  Pomp. 

presented  in^^.  102.  Bj  this  plan  an  engine  suitable 
for  winding  a  rope  is  placed  on  each  side  of  a  field, 
and  the  engine  on  the  one  side  winds  up  a  rope  pass- 
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ing  across  the  field  which  the  other  engine  unwinds* 
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The   plough   is  attached  to   this  rope,   and    it  is 

drawn  to  one  side  and  to  the  other  by  each  engine 
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altamatelj,  each  advancing  a  short  dutaaoe  along  the 
field  for  every  cat  that  is  made.  The  form  of  engine 
which  winds  up  the  rope  is  shown  on  a  larger  scale  in 
fig,  103.  The  engine  is  a  common  portahle  engine, 
with  a  great  dram  encircling  the  horizontal  part  of 
the  boiler,  on  which  dram  the  rope — ^which  is  best  made 
of  steel  wire— is  wound*  These  engines  are  capable 
of  travelling  from  pla^  to  place,  carrying  their  own 
water  and  fueL 

The  advantages  of  this  system  as  compared  with 
other  methods  proposing  to  accomplish  the  work  with 
one  engine,  are,  that  only  one  rope  passes  across  the 
field  instead  of  two,  and  that  the  shifting  of  anchors 
intended  to  hold  the  pulley  on  which  the  return  rope 
runs  is  obviated  altogether,  as  also  is  the  injury  caused 
by  the  rope  running  over  a  comparatively  small  pulley, 
as  this  movable  pulley  generally  is.  The  disad- 
vantages are  that  the  expense  of  two  engines  is  in- 
curred, and  that  one  is  standing  idle  half  its  time 
while  the  rope  is  being  drawn  across  by  the  other.  I 
have  very  great  doubts,  however,  whether  the  method 
of  ploughing  by  a  rope  at  all  is  the  proper  one,  or 
whether  it  is  advisable  to  imitate  the  operation  of 
ploughing,  which  is  confessedly  an  imperfect  one, 
since  it  does  not  sufficiently  break  vp  and  pulverise 
the  soil.  It  appears  to  me  that  some  species  of  steam 
digger  is  the  proper  iostram^nt  to  employ,  which  will 
pass  over  the  field  digging  up  a  whole  furrow  at  once. 
No  doubt  such  an  instrottent  would  require  a  great 
deal  of  power  to  drive  it;  But  the  work  done  would 
be  proportionate  to  the  power  expended,  and  one  such 
machine  hired  out  would  suffice  for  many  farms* 
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The  increasing  power  of  agricultural  engines  has 
induced  Messrs.  Bansomes  &  Simms  to  employ  for  the 
larger  powers  a  form  of  combined  engine,  consisting 
of  two  engines  placed  side  hj  side,  with  the  cranks 
at  right  angles,  as  in  locomotives.  An  example  of 
this  form  of  engine  is  given  in^^.  104 ;  and  it  is  dis- 
tinguished bj  the  faithful  workmanship  and  good 
proportions  bj  which  Messrs.  Bansomes  &  Simms 
have  earned  their  high  reputation. 

In  ^«  105  is  shown  a  form  of  cylindrical  boiler, 
patented  by  Messrs,  Biddell  &  BsJk,  and  manufac- 
tured by  Messrs.  Bansomes,  which  enables  the  fire 
box  and  tubes  to  be  withdrawn  from  the  shell  or 
barrel,  so  as  to  give  facility  for  removing  and  clean- 
ing out  the  incrustation  and  dirt,  which  is  so  injurious 
in  some  cases,  and  which  cannot  easily  be  removed 
from  boilers  of  the  usual  form.  In  this  patent  boiler 
the  back  tube  plate,  as  well  as  the  front  outside 
plates,  are  bolted  to  flanges  rivetted  to  the  shell  of 
the  boiler.  These  flanges  being  truly  placed,  the 
steam-tight  joints  are  made  with  as  great  a  facility 
as  the  cylinder»cover  joint  of  a  large  steam  engine. 
Where  the  water  is  very  dirty  and  leaves  much 
deposit,  this  boiler  is  strongly  recommended. 

These  boilers,  as  well  as  the  ordinarily  formed 
boilers,  are  constructed  with  especial  reference  to 
durability  and  strength.  The  bulk  of  the  plates  are 
of  best  Yorkshire  quality,  the  remaining  plates  being 
Staffordshire.  Ample  water  space  is  given  round 
the  fire  box  and  between  the  tubes,  so  as  to  ensure 
free  circulation  of  the  water.  Each  boiler  is  tested 
to  double  its  working  maximum  pressure. 
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The  boilers  are  monnied  upon  iron  or  wooden 
wheels,  aooor£og  to  the  wish  of  the  purchaser,  but 
iron  ones  are  recommended  as  g^endlj  more  durable 
and  better  adapted  for  change  of  climate. 

Among  the  lightest  forms  of  steam  engine  which 
have  been  hitherto  prodaced,  the  steam  fire-engines 
constructed  to  pump  water  for  extinguishing  fires 
must  be  accorded  a  prominent  place.  In  the  case  of 
towns  supplied  with  water  maintained  at  a  high  pres- 
sure in  the  pipes,  the  simplest  mode  of  extinguishing 
fires  is  to  apply  a  proper  hose  and  spout  pipe  direct 
to  the  distributing  main.  But  in  the  case  of  towns 
where  this  high  pressure  in  the  water-pipes  does  not 
exiat,  and  in  cases  also  where  there  are  no  water- 
works, but,  nevertheless,  valuable  property  to  be  pre- 
served, the  use  of  steam  fire-engines  appears  to  be 
highly  important.  Such  engines  are  much  more  effec- 
tive than  engines  worked  by  hand,  as  the  requisite 
power  to  work  the  pumps  is  always  present,  and  as  it 
acts  with  greater  concert  and  less  intermission  than 
any  number  of  men  could  do.  For  inflammable  capitals 
like  Constantinople,  where  the  houses  consist  chiefly 
of  wood,  and  there  is  no  high  pressure  of  water  avail- 
able for  the  extinction  of  fires,  the  use  of  steam  fire- 
engines  18  peculiarly  important,  and  is  now  begin- 
ning to  attract  much  attention.  In  dockyards  also, 
raUway  workshops,  arsenals,  and  in  fact  in  all  isolated 
and  important  establishments,  the  value  of  such  a 
powerinl  expedient  for  extinguishing  fires  is  now 
beginning  to  be  adequately  apprehended.  It  has  long 
l^een  found  that  in  all  great  fires  the  volume  of  water 
thrown  on  the  burning  mass  by  the  jets  of  existing 
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hand  engines  htt  been  quite  too  small  to  extinguish 
the  flames,  and  in  fact  the  water  has  in  manj  cases 
never  reached  the  burning  matter  at  all,  but  has  been 
raised  into  steam  before  it  could  fall  on  the  spot  on 
vhich  it  has  been  directed.  The  use  of  steam  ap- 
pears to  be  indispensable  to  enable  very  large  and 
powerful  jets  to  be  obtained,  which  would  in  all  cases 
reach  their  intended  destination,  and  would  produce 
the  extinguishing  effect  due  to  the  refrigeration 
which  a  very  large  volume  of  water  would  neces- 
sarily cause. 

The  introduction  of  steam  fire-engines  has  often 
been  proposed,  but,  until  lately,  has  been  prevented 
by  various  practical  impediments,  of  which  one  has 
been  the  great  weight  of  steam  engines  of  the  ordi- 
nary description.  In  America,  however,  large  num- 
bers of  steam  fire-engines  have  been  made,  but  many 
of  them  have  been  of  a  very  complicated  and  pre- 
carious construction,  and  in  this  country  none  of 
them  have  been  much  adopted.  In  England,  how- 
ever, the  makers  of  the  ordinary  hand  fire-engines 
have  begun  to  turn  their  attention  to  the  subject; 
and  both  Messrs.  Shand  &  Mason,  and  Messrs.  Mer- 
ryweather  &  Son,  of  London,  have  produced  nu- 
merous steam  fire-engines  marked  by  special  features 
of  excellence  and  promising  good  results.  Messrs. 
Shand,  Mason  &  Co.  manufacture  two  varieties  of 
steam  fire-engine,  in  one  of  which  the  cylinder  is 
horizontal  and  works  a  horizontal  double-acting 
pump  affixed  to  the  end  of  the  piston  rod ;  and  the 
stroke  is  measured  by  a  vertical  slot  in  an  enlarged 
part  of  the  piston  and  pump  rod,  which  permits  the 
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crank  pin  to  more  np  or  down  in  the  manner  usual  in 
donkey  engines  for  feeding  boilers.  The  yalve  of 
the  engine  is  worked  bj  an  eccentric  in  the  nsnal 
manneri  and  the  pnmp-Yalyes  are  india-rubber  discs, 
falling  on  a  grating  in  the  manner  first  introduced 
bj  Mr,  Edward  Humphrys,  though  few  persons  are 
now  cognisant  of  the  parentage  of  an  improvement 
which  has  now  become  of  almost  universfd  applica* 
tion.  The  boiler  consists  of  a  fire  box  formed  like 
the  frustum  of  a  cone»  the  better  to  disengage  the 
steam  from  the  inclined  surface  of  the  plate,  on  which 
is  set  a  cylinder  removable  by  bolts  to  contain  the 
tubes.  From  the  top  of  the  frustum  a  number  of 
very  small  and  short  copper  tubes,  set  vertically  very 
closely  together,  conduct  the  smoke  into  the  chimney. 
The  engine  is  provided  with  a  small  fiy-wheel  in  the 
usual  manner  of  donkey  engines.  In  their  vertical 
form  of  engine  the  boiler  is  the  same  as  has  been 
already  described,  but  the  engine  is  set  with  the 
cylinder  inverted,  and  the  pump  is  of  the  combined 
plunger  and  piston  form  invented  by  Mr.  David 
Thomson,  and  first  introduced  by  him  in  the  Rich- 
mond Waterworks  in  184o.  In  this  form  of  pump 
the  valves  are  like  those  of  a  common  single  acting 
pump,  and  the  area  of  the  plunger  is  half  the  area  of 
the  piston  or  bucket.  As  the  piston  ascends,  the 
pump  sucks  itself  full  of  water  in  the  usual  manner ; 
but  when  the  piston  descends,  the  water  being  forced 
through  the  vidves  in  the  bucket  into  the  space  above 
the  bucket,  which  is  too  small  for  i1^  inasmuch  as  half 
the  area  is  occupied  by  the  plunger,  it  follows  that 
half  the  water  will  be  forced  through  the  delivery 
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valve  when  the  bucket  is  desoending.  The  water 
left  in  the  annular  space  between  the  side  of  the 
pump  and  the  side  of  the  plunger  is  forced  out  when 
the  piston  or  bucket  ascends ;  and  we  thus  have  the 
benefit  of  a  double-acting  pump  with  the  gear  of  a 
single-acting  one.  The  plunger  is  open  at  the  top  so 
RS  to  constitute  a  trunk,  and  it  is  properly  bolted  to 
the  bucket.  The  trunk  and  bucket  are  moved  bj 
means,  of  two  piston  rods  proceeding  through  the 
cylinder  cover,  one  being  placed  on  one  side  of  the 
shaft,  and  the  other  diagonally  on  the  other  side  of  the 
shaft.  The  arrangement  in  fact  very  closely  resembles 
that  of  Messrs.  Napier  &  Sons'  original  form  of 
direct-acting  screw  engine,  except  that  in  that  case 
the  engine  was  horizontal.  The  air  pump  answers  to 
the  water  pump  in  this  case  ;  and  from  the  bottom  of 
the  trunk  a  connecting  rod  proceeds  to  the  crank  to 
turn  it  round.  On  one  end  of  the  crank  shaft  is 
placed  a  small  fly-wheel,  and  on  the  other  end  is  an 
eccentric  for  working  the  slide  valve,  and  also  the 
pump  employed  to  feed  the  boiler.  A  small  piston, 
acted  upon  by  the  water  which  is  being  forced  out, 
governs  the  speed  of  the  engine  by  opening  or  shut- 
ting the  throttle  valve. 

Messrs.  Shand,  Mason  3fc  Co.'s  honzontal  steam  fire- 
engine  is  represented  in  fig,  106,  and  their  vertical 
steam  fire-engine  is  represented  in  fi^,  l(f7.  The 
performance  of  each  class  of  engine  is  very  nearly 
the  same,  and  in  an  experiment  made  with  one  of 
these  engines  at  Messrs.  Penn  St  Son's  factory  in 
1864,  with  an  engine  having  two  cylinders  of  6^  in. 
diameter,  and  7  in.  stroke,  the  power  generated  with 
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Steam  of  120  lbs.  pressure  in  the  boiler,  and  with 
162  revolutions  per  minute,  was  about  15  horse- 
power.   In  the  case  of  another  engine  of  the  same 

A^.  106 


Sbamd,  Mason  and  Co.'s  Hobizontal  Steam  Fibb-inoinb. 

dimensions,  also  tried  in  1864,  the  power  generated 
with  a  little  increase  in  the  pressure  of  the  steam  was 
18-horse  power,  and  the  toUd  weight  of  this  engine 
with,  its  appurtenances  was  24cwt.2qrs.  In  an 
engine  which  Messrs.  Shand,  Mason  &  Co.  sent  to 
the  competitive  exhibition  at  Middleburgh,  in  Hol- 
land, in  July  1864,  and  for  which  thej  obtained  the 
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gold  medal  and  500  guilder  prize,  tbere  irsa  only  one 
cylinder  of  7  in.  diameter  and  8  in.  stroke.  In  an 
experiment  made  with  this  engine,  a  jet  of  water 
1 1  in.  diameter  was  projected  under  a  water  pressure 


Ffg.  107. 
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of  125  lbs.  per  sq.  in.  With  steam  of  145  lbs.  pressure 
in  the  boiler,  an  average  pressure  of  128*15  lbs.  per 
sq.  in.  was  maintained  upon  the  piston  at  a  speed  of 
165  revolutions  per  minute,  and  5^  lbs.  per  sq.  in.  of 
back  pressure.     In  this  case  the  engine  exerted  32^ 
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actual  horse-power ;  and  as  tbe  total  weight  of  the 
engine  was  onlj  32  cwt.  the  weight  was  about  1  cwt. 
per  actual  horse-power.  As  this  is  a  verj  remark- 
able result^  I  here  introduce  a  copy  of  the  indicator 
diagram  taken  at  the  time. , 


Fig.  108. 
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Indicator  Diagram  fkox  Sband,  Mason  and  Co.'a  Stuih  Firk-snginb 


Having  peraonallj  examined  Messrs.  Shand,  Mason 
&  Go/a  engines  when  in  course  of  construction^  I 
can  vouch  for  the  faithfulness  of  the  work ;  and  I  was 
also  favourably  impressed  with  the  intelligence  which 
presided  over  the  general  arrangements  of  these 
machinefl.  But  in  the  boiler  the  tubes  are  so  thicklj 
sety  that  it  will  be  important  to  use  pure  water  so 
that  there  maj  be  no  incrustation,  which,  if  consider- 
able, would  prevent  the  access  of  the  water  and  cement 


224     RBCENT  DCPBOYEMBRTS  IN  THE  STEAX  ENGINE. 

the  tobea  into  a  solid  mass.  It  is  a  necessily  of  all 
fire^figine  boilers^  however,  that  thej  should  haye 
but  little  water  in  them,  so  that  the  steam  may  be 
quicklj  got  up ;  and  as  such  engines  are  neyer  re- 
quired to  work  for  long  periods  at  a  time,  there  is 
abundant  opportunity  for  cleaning  the  boilers  out. 
Bj  making  the  upright  cylinder  which  encircles 
the  tubes  removable  by  unscrewing  a  few  bolts,  as 
these  makers  have  done,  they  provide  in  a  great 
measure  against  the  only  objection  that  can  be  made 
to  any  of  their  arrangements. 

Prior  to  the  introduction  of  steam  fire-engines, 
Messrs.  Merryweather  &  Son  of  Long  Acre  had  ob- 
tained a  high  reputation  in  the  construction  of  hand 
fire-engines,  and  also  in  the  construction  of  other  fire 
apparatus ;  and  in  turning  their  attention  to  the  con- 
struction of  steam  fire-engines  they  brought  to  the 
problem  the  ripened  experience  that  they  already  ob- 
tained in  other  analogous  constructions.     There  are 
two  main  features  in  the  mechanism  Messrs.  Merry- 
weather  employ  in  their  steam  fire-engines : — ^the  one 
is  in  the  boiler,  which  consists  of  a  number  of  pendu- 
lous tubes  hung  in  a  furnace  with  a  smaller  intemnl 
tube  within  each,  to  enable  the  circulation  of  the 
water  to  be  carried  on ;  and  the  other  is  in  the  cireiim- 
stance  of  the  engine  being  without  a  crank,  but  the 
pump  is  worked  by  being  attached  to  a  reciprocating 
piston,  as  in  Worthington's  steam  pump,  or  in  the 
form  of  donkey  engine  introduced  by  Messrs.  Penn, 
but  subsequently  abandoned  ;  while  the  valve  of  one 
engine  is  moved  by  the  other  if  there  are  two  engines, 
and  by  a  small  independent  cylinder  and  piston  if 
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there  is  onlj  one  engine,   the  valve  of  this  small 
starting  engine  being  itself  moved  bj  a    tappet. 
The  benefits  which  Messrs.  Merrjweather  consider 
that  thej  obtain  bj  these  peculiar  features  are,  first, 
that  in  their  form  of  boiler  the  steam  is  more  rapidly 
got  up  than  in  anj  other,  and  certainly  in  this  respect 
their  engine  seems  to  have  the  advantage  over  all  its 
competitors ;  and  second,  that  inasmuch  as  there  is 
less  waste  of  power  in  moving  water  slowly  than  in 
moving  it  rapidly,  and  as  their  pump  and  engine, 
with  their  long  stroke  and  large  capacities,  move 
more  slowly  than  is  the  case  in  other  steam  fire 
engines,  there  will  be  a  gain  from  this  source  also,  and 
the  engine  will  consequently  work  with  a  maximum 
efficiency.  Although,  however,  there  is  a  loss  of  power 
in  moving  water  quickly  rather  than  in  moving  it 
slowly,  the  velocity  of  the  water  escaping  from  every 
species  of  pump  must  be  the  same  to  project  a  jet  of 
the  same  diameter  to  the  same  height ;  and  whether 
the  plunger  of  the  pump  moves  fast  or  slow  the 
escaping  water  must  have  the  velocity  proper  for  the 
kind  of  jet  that  has  to  be  employed.    It  consequently 
will  matter  little  whether  the  water  obtains  its  velocity 
directly  from  a  fast  moving  plunger,  or  indirectly 
from  the  compression  of  the  water  which  a  larger 
plunger  moving  more  slowly  produces,  seeing  that  in 
each  case  the  water  must  leave  the  spout-pipe  with  the 
same  velocity,  and  must  carry  away  with  it  a  corre- 
sponding amount  of  power.    But  whether  the  engine 
moves  fast  or  slow  a  crank  is  equally  applicable,  and  a 
crank  will  enable  the  engine  to  work  with  less  waste  of 
steam  at  the  ends»  as  there  will  no  longer  be  any  neces- 
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sity  to  leave  the  same  clearance  at  the  ends  to  obviate 
the  risk  of  striking.  Every  species  of  reciprocating 
engine  which  is  without  a  crank,  is  more  or  less  of  a 
rattle-trap ;  and  although  the  example  of  the  Cornish 
engines  shows  ns  that  such  engines  are  capable  of 
pumping  water  with  great  efficiency  and  without  in- 
termission for  long  periods  of  time  when  moving 
slowly,  yet  it  is  now  found  that  rotative  pumping 
engines  are  quite  as  efficient,  while  they  certainly  work 
in  a  smoother  and  less  precarious  manner,  and  are 
capable  of  maintaining  higher  speeds  without  incon- 
venience. On  the  large  scale,  the  pumping  engine 
without  a  crank  has  been  practically  given  up :  and 
the  same  considerations  which  make  that  abandonment 
advisable  on  the  large  scale  make  it  equally  advisable 
on  the  small. 

The  consideration  of  the  properties  and  perfor- 
mance of  the  steam  fire  engines  exhibited  at  the  In- 
ternational Exhibition  of  1862  was  delegated  to  a 
special  committee.  But  two  engines  of  Messrs.  Shand, 
Mason  &  Co.,  and  one  of  Messrs.  Merry  weather  and  Son, 
were  the  only  engines  which  presented  themselves  to 
be  experimentally  tested.  All  the  boilers  were  filled 
with  cold  water,  and  Messrs.  Merryweather  &  Son's 
engine  got  steam  up  to  100  lbs.  pressure  in  12 
minutes  and  10  seconds,  and  Messrs.  Shand,  Mason 
&  Co.'s  first  engine  in  18  minutes  and  30  seconds, 
whilst  in  their  second  engine,  owing  to  some  misma- 
nagement which  compelled  them  to  draw  the  fire,  30 
minutes  were  consumed.  Messrs.  Merryweather  & 
Son's  engine  was  2  minutes  and  50  seconds  at  work 
before  it  began  to  draw  water.    Nevertheless  it  pro* 


EXPERIMENTS  WITH  STEA3I  FIRE-ENGINES.      227 

jected  500  gallons  of  water  into  a  tank  60  ft.  distant 
ia  17  minutes  and  15  seconds  from  the  time  at  which 
the  fire  was  lighted,  but  the  steam  fell  15  lbs. 
during  the  first  trial,  and  after  three  trials  the  engine ' 
became  disabled.  It  resumed  work,  however,  in  an 
hour  and  a  half,  at  the  ninth  trial,  having  been  re- 
paired on  the  ground  in  that  time ;  but  on  the  thir- 
teenth trial  it  was  again  disabled.  Messrs.  Shand 
Mason  &  Co.'s  engine,  though  longer  in  getting  up 
the  steam,  drew  water  immediately  it  was  put  on, 
and  daring  the  first  trial  the  pressure  in  the  boiler 
fell  onlj  5  lbs.  per  sq.  in.  This  engine  worked  without 
accident,  and  almost  without  intermission,  throughout 
the  day.  The  seventeenth  trial  lasted  63  minutes, 
and  the  pressure  in  the  boiler  was  kept  up  at  90  lbs. 
per  sq.  in.  throughout.  This  experiment  only  con- 
firms the  anticipations  which  might  have  been  reason- 
ably formed  from  the  distinctive  features  of  the  two 
engines  placed  in  competition ;  and  there  can  be  no 
doubt  that,  on  the  whole,  engines  without  a  crank 
will  be  found  more  liable  to  derangement  than  those 
which  are  provided  with  that  valuable  appendage. 

In  July  1863  the  experiments  with  these  engines 
and  several  others  were  resumed  at  the  Crystal 
Palace,  and  much  interest  was  excited  by  the  event 
The  engines  presented  for  experiment  were  those  of 
Messrs.  Merryweather  &  Son,  Shand  &  Mason, 
Easton  &  Amos,  Butt  &  Co.,  Roberts,  Nichols 
(Manhattan)  and  Gray  &  Son.  The  principal  parti- 
culars of  the  several  engines  are  exhibited  in  the  fol- 
lowing table :  — 
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The  boilers  of  these  different  engines  were  verj 
various.  In  Merrjweather  and  Son's  boiler  the  shell 
was  formed  of  homogeneous  iron,  -^  of  an  inch  thick 
double  rivetted,  and  the  tube  and  top  plates  of  Low- 
moor  iron,  •}-}-  thick ;  stajs  of  Bowling  iron,  1  in. 
thick,  and  the  tubes  of  copper.  The  height  of  the 
boiler  was  60  in.,  and  the  diameter  45  in.  Shand, 
Mason  &  Co.'s  boiler  was  an  upright  cjlindricai  iron 
boiler  of  45  in.  diameter  at  the  fire-box,  45  in.  at  the 
barrel,  and  60  in.  high.  The  smoke  passed  throagh 
vertical  brass  tubes  on  its  way  to  the  chimnej. 

In  Easton  &  Amos's  boiler  there  was  a  central 
furnace  surrounded  by  a  shell  of  vertical  tubes  2  in. 
diameter.  Butt  &  Co.'s  boiler  was  an  upright 
tubular  boiler  36f  in.  diameter,  and  66  in.  high.  The 
fire-box  was  20  in.  high,  and  there  were  313  tubes  of 
1^  external  diameter.  In  Roberts'  boiler  the  bodj  was 
30  in.  diameter,  and  24  in.  deep,  and  there  were  248 
tubes  f  in.  diameter  inside.  NichoFs  Manhattan  engine 
was  fitted  with  Lee  and  Lamed's  annular  boiler ;  and 
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Gray  &  Son's  boiler  consisted  of  a  cylinder  fitted  with 
tabes  revolving  slowly  on  trunnions  within  an  iron 
casing  lined  with  fire  clay. 

On  the  first  trial  the  task  set  to  all  the  .engines  was 
to  deliver  1,000  gallons  of  water  into  a  tank  67  ft 
dbtant,  the  water  in  all  the  boilers  being  cold  when 
starting,  and  the  order  in  which  this  was  done  by  the 
different  exhibitors  was:  1,  Easton  &  Amos;  2,  Merry- 
weather  &  Son  ;  3,  Shand,  Mason  &  Co. ;  4,  Butt  & 
Ckk,  and  6,  Roberts.  In  the  second  trial,  which  con- 
sisted in  doing  the  same  work  with  the  steam  already 
up,  the  order  of  rapidity  with  which  the  work  was 
done  by  the  different  exhibitors  was  as  follows: 
Shand,  Mason  &  Co.,  Butt  &  Co.,  Merryweather  & 
Son,  Boberts,  and  Easton  &  Amos.  In  subsequent 
trials  the  engine  of  Messrs.  Merryweather  &  Son 
worked  with  great  efficiency,  and  took  the  first  prize 
of  250Lj  the  second  prize  of  100/.  being  awarded  to 
Messrs.  Shand,  Mason  &  Co.  The  steam  fire  engine 
Sutherland,  which  achieved  these  successes,  is  repre- 
sented in^.  109,  and  Messrs.  Merryweather  &  Son's 
description  of  this  engine  is  as  follows :  — 

This  engine  has  two  steam  cylinders,  each  8|in.  in  diameter, 
with  pistons  of  24  in.  stroke.  The  two  pnmp  cjfinders  are  6|  in. 
in  diameter,  and  the  pistons  of  the  pnmps  being  on  the  same  rods 
as  the  steam  pistons,  make  the  same  extent  of  stroke.  Both  steam 
cylinders  and  pnmps  are  fixed  horizontally  on  the  wrought  iron 
side  frames  of  the  engine,  and  rigidly  connected  together  by 
strong  tie-rods  running  throughout  the  entire  length  of  cylinder 
and  pumps.  The  yalve  motion  is  of  a  simple  character,  and  is  so 
arranged  that  when  one  piston  is  changing  stroke  the  other  is 
in  the  middle  of  its  stroke,  thus  imparting  a  yery  uniform  and 
steady  motion.  On  the  middle  of  each  piston  rod  is  keyed  a 
boss  carrying  a  short  arm  projecting  horizontally.  Parallel  to 
and  at  a  than  distance  from  each  piston-rod,  are  fixed  in  suit- 
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able  bearings,  bo  as  to  be  able  to  revolTe  freelj  on  their  axes, 
two  twisted  ban  or  qaick  screws,  having  a  pitch  of  1  turn  in 
rein.  At  the  ends  of  these  twisted  bars  or  screws  next  the 
steam  cylinders  are  eat  two  strong  sqnare-threaded  screws, 
having  1  turn  in  I  j-  in.,  on  to  which  are  fitted  2  gun-metal  nuts, 
which  nuts  are  received  by  the  forked  ends  of  the  weigh-shaft 
levers  for  moving  the  slide-valves.  To  the  short  arms  on  the 
piston-rods  above  mentioned  are  attached  2  gun-metal  sliding 
pieces,  which  clasp,  and  move  freely  on  the  twisted  bars  or 
ficrews,  and  having  the  same  motion  as  the  piston-rods,  impart 
a  alow,  easy,  reciprocating  rotating  motion  to  the  twisted  bars 
or  screws,  causing  the  gun-metal  nuts  and  weigh-shaft  levers  to 
be  brought  backward  and  forward  with  a  slow,  easy  action,  thus 
moving  the  slide-valves  into  the  required  position— viz.,  that  of 
closing  steam  and  exhaust  ports  shortly  before  the  end  of  the 
stroke,  thus  preventing  the  possibility  of  striking  the  ends  of  the 
cylinders.  By  this  arrangement,  each  cylinder  cuts  off  its  own 
steam  and  exhaust,  and  is  entirely  independent  of  the  other  for 
forming  the  eushion  required  to  stop  the  momentum  of  the 
pistons.  Thus,  each  piston  bringt  iUelf  to  rest;  but  when  at 
half-stroke,  by  means  of  a  connection  between  tJie  weigh-shaft 
levers,  it  gives  steam  to  No.  2  cylinder,  the  piston  of  which  brings 
itaelf  to  rest  and  liberates  No.  1  piston,  and  so  on  alternately. 

The  slide-valves  are  of  the  equilibrium  piston  form,  and  with 
full  steam  (150  lb.  per  sq.  in.)  can  readily  be  moved  by  the 
hand  with  a  force  of  5  lb.,  thus  saving  power  which  is  more  nse- 
fullj  employed  in  forcing  water. 

The  engine  is  started  merdy  by  opening  the  steam  valve, 
which  can  be  so  regulated  as  to  allow  it  to  run  as  slow  as  half- 
a-stroke  per  minute,  and  has  no  dead  points  or  centres. 

The  pump  has  all  its  valves  below  the  pump  cylinders,  and  so 
arranged  that  no  water  remains  in  the  pump  when  at  rest,  so 
that  it  cannot  freeze.  The  suction  valves,  4  in  number,  are 
each  10  in.  long  and  l'S75  in.  wide,  with  a  lift  of  I  in.,  which 
presents  an  area  of  13*75  sq.  in. ;  the  delivery  valves,  also  4  in 
number,  are  each  10  in.  long,  and  1*25  in.  wide,  with  a  lift  of 
1  in.,  and  an  area  of  12*5  sq.  in. ;  the  whole  are  made  of  gun- 
metal,  india-rubber  faced,  but  gun-metal  valves  can  be  fitted  if 
preferred.  The  engine  is  fitted  with  4  deliveries,  each  2^^^ 
in  diameter,  for  attaching  hoses,  and  the  suction  hose  is  5^  in. 
diameter. 

The  side  eover  of  the  pump  can  be  readily  removed  and  the 
valvei  and  seats  re-adjusted  if  necessary. 
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The  side  frames  are  of  Bowling  angle  iron,  firmlj  seemed 
together  by  wroaght  iron  cross-stays,  and  pivoted  over  the  fore- 
carriage,  so  that  the  engine  maj  travel  on  the  roughest  road. 
BeneiOh  the  front  part  of  the  fiame,  and  below  the  pivot,  are  the 
wrought  iron  fore-carriage  and  front  wheels,  which  lock  com- 
pletely round  and  nnder  the  frame  of  the  engine. 

Above  the  pump,  and  fore  and  aft  of  the  copper-enction  and 
delivery  air  vessels,  are  the  tool-boxes  and  seats  for  the  driver 
and  ten  men.  The  delivery  hose  is  carried  in  a  cylindrical 
drum  (capable  of  containing  from  500  to  600  ft  of  leather  hose), 
attached  beneath  the  frame  near  the  boiler. 

The  vertical  boiler  has  very  large  steam  and  water  spaces, 
with  a  tubular  circulating  shell  of  homogeneous  metal  A  in. 
thick,  and  double  rivetted.  The  tube  and  top  plates  are  of  Low- 
moor  iron  ^  in.  thick  ;  the  stays  are  of  Bowling  iron  of  1  in.  in 
diameter,  and  the  tubes  are  of  solid  drawn  copper.  The  height 
of  the  boiler  is  5  ft,  and  the  diameter  3  ft  6  in.  When  the 
engine  is  at  work,  the  boiler  contains  on  an  average  60  gals, 
of  water ;  the  steam  space  varies  from  9  to  19  cubic  it ;  the  fire- 
box surface  is  14*5  sq.  ft.,  and  the  tube  surface  192*5  sq.  ft« 
making  a  total  heating  surface  of  207  sq.  ft 

The  top  plate  is  provided  with  four  hand-holes,  so  that  the 
interior  of  the  boiler  can  be  got  at  most  readily.  The  top  and 
bottom  tube  plates  are  connected  together  by  strong  wroughi 
iron  stays.  The  boiler  is  fitted  with  two  large  safety  valves, 
two  pressure  gauges,  back  and  front,  No.  5  Qiffard*s  injector, 
water-glass,  gauge  cocks,  &c  There  is  also  a  steam  jet  in  the 
chimney  for  assisting  the  draught.  A  portion  of  the  outer  shell 
of  the  boiler  is  kept  down  below  where  it  is  rivetted  to  the  lower 
tube- plate  to  which  the  side  frames  are  attached,  so  that  the 
bolts  do  not  go  into  the  water  or  steam  space  of  the  boiler.  At 
the  lower  part  of  the  boiler  is  attached  a  large  bunker  for 
carrying  coals  or  other  fuel 

The  engine  is  mounted  on  four  springs  and  high  wheels,  so 
that  it  is  suited  for  the  most  rapid  travellhag. 

The  steam  fire-engine  Torrent,  which  has  obtained 
some  celebrity  in  connection  with  Captain  Hodges' 
fire-brigade,  in  consequence  of  its  efi&cient  action 
at  various  fires,  is  represented  in  Jig.  1 10.  Messrs. 
Merryweather  &  Son's  description  of  this  engine  is  as 
follows :— 
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This  engine  has  undergone  some  veiy  severe  tests,  and  proved 
to  be  efBcient  in  everj  respect,  its  arrangements  being  of  so 
simple  a  character,  that  ordinaiy  persons  have  managed  it  with 
bat  verj  little  previons  knowledge  of  the  mechanism  of  a  steam 
fire-engine.  It  has  a  steam  cylinder  of  6^  in.  diameter,  with  a 
piston  stroke  of  12  in.  The  steam  and  water  pistons  are  con- 
tinuous. The  pump  is  4|  in.  in  diameter,  with  a  stroke  of  12  in., 
the  cubic  contents  of  which  are  1*45  gals.  The  arrangement 
for  moving  the  slide  valve,  which  is  of  the  piston  equilibrium 
form,  is  of  the  simplest  kind.  In  the  centre  of  the  piston- 
rod  a  light  cross-head  is  kejed,  having  a  slight  bearing  upon 
each  of  the  tie-rods  which  connect  the  steam  cylinder  and  pump 
together ;  to  this  cross-head  are  attached  two  light  rods,  which 
are  again  connected  to  two  small  weigh-shaft-levers,  which 
give  a  slight  motion  as  the  piston  advances  and  recedes,  to  an 
ordinary  flat  valve,  that  admits  steam  to  a  small  piston  which  is 
on  the  same  rod  as  die  piston  slide  valve.  This  engine  can  be 
started  at  any  point  by  merely  opening  the  steam  valve,  and  can 
be  driven  at  any  speed  (so  as  to  adapt  itself  to  any  quantity  of 
water)  even  as  slow  as  one  stroke  per  minute,  as  there  are  no 
dead  points  or  centres. 

The  suction  valves,  of  which  there  are  two,  are  9*5  in.  long 
and  1*3625  in.  wide,  with  a  lift  of  1  in.,  and  an  area  of  10  sq.  in., 
and  the  two  delivery  valves  are  9 '5  in.  long,  and  1  in.  wide,  with 
a  lift  of  barely  I  in.  and  an  area  of  9*5  sq.  in.  The  whole  of  the 
valves  are  of  gan  metal,  leather  faced  (india-rubber  can  be  used 
if  preferred),  and  are  placed  below  the  pump  cylinder,  readily 
accessible,  and  so  arranged  that  no  water  can  possibly  remain  in 
the  pump  when  at  rest  (to  prevent  freezing).  It  has  two  de- 
livery outlets  of  2^iu.  each,  and  a  suction  of  S^in.,  all  inade 
diameter.  The  frame  is  of  Bowling  angle  iron,  pivoted  over  the 
fore-carriage  and  front  wheels,  which  lock  and  turn  completely 
under  the  main  part  of  the  engine. 

The  boQer  is  of  steel,  with  Lowmoor  iron  tube  and  top  plates, 
and  vertical  water  tabes-,  the  tube-plate  is  flanged  to  form  a 
mud  pocket,  which  receives  all  the  deposit  and  from  which  it  is 
easily  blown  out.  The  top  plate  has  four  hand  holes,  eo  diat 
the  interior  of  the  boiler  is  easily  accessible.  The  boiler  is  48  in. 
high,  the  diameter  being  28  in.  The  shell  is  of  homogeneous 
metal,  full  i  in.  thick.  The  tube  and  top  plates  are  ^  in.  thick, 
and  the  tubes  are  of  solid  drawn  homogeneous  copper.  The 
quantity  of  water  contained  in  the  boiler,  when  at  work,  is  from 
1 5  to  80  gals.    The  steam  space  is  about  4  cubic  ft.  the  fire-bos 
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sarface  7*5  sq.  ft,  including  floe  Borface,  and  the  tnbe  sorface 
57  sq.  ft.,  making  a  total  of  64*5  sq.  ft.  of  heating  sorface.  The 
boiler  is  fed  by  a  Giffard's  injector,  by  the  main  pump,  and  by  a 
feed  pomp.  It  is  fitted  with  a  safety  valve,  a  double  steam 
pressure  gauge,  a  water  pressure  gauge,  water  gauge,  gauge 
cocks,  &C.,  and  has  a  small  steam  jet  for  assisting  the  draught. 

The  wrought  iron  frame  of  the  engine  is  attached  to  a  portion 
of  the  outer  shell  of  the  boiler,  left  for  the  purpose  below  the 
water  and  steam  spaces.  At  the  bottom  of  the  boiler  are  at- 
tached  the  coal-bunkers,  and  below  the  frame,  in  firont  of  the 
boiler,  is  an  iron  frame  for  carrying  the  hose. 

The  frames  of  the  engine  are  made  of  steel  {in.  thick,  and 
attached  to  the  back  and  front  plate  of  the  boiler.  Transverse  to 
the  frames,  and  over  the  cylinders,  is  a  steel  and  wood  frame 
combined,  and  at  the  back  and  front,  a  central  longitudinal 
frame  terminating  at  the  smoke-box.  The  cross  leading  frame 
is  also  of  steel,  to  which  the  steering  spindle  fork  is  attached. 
The  slides  of  the  main  axle  are  inclined  to  divert  the  percussions 
on  the  main  springs,  and  to  keep  the  centres  of  the  spur-gear  in 
their  most  fitting  relative  positions.  The  whole  weight  of  the 
boiler  and  the  principal  part  of  the  machinery  is  borae  by  the 
driving  wheels,  which  sustain  each  2}  tons  weight  to  promote 
their  adhesion,  while  the  power  of  the  engine  is  such  as  to  make 
them  skid  round  in  *  reverse '  when  it  is  found  necessary  to  stop 
tnttantty ;  the  engine  is  also  fitted  with  a  break.  The  motion 
consists  of  spur-gear  in  duplicate  5  to  1,  which  allows  the  steam 
pistons  to  make  650  ft.  per  minute,  or  about  half  the  speed  of  the 
carriage.  There  is  also  a  universal  differential  motion  applied  to 
the  main  axle.  Provision  for  causing  the  driving  wheels  to 
move  at  different  degrees  of  speed,  when  it  is  necessary  to  do  so, 
and  to  pass  readily  over  any  obstacles  on  the  road,  is  made  by 
the  line  of  the  steel  cranked  shaft,  or  first  motion  which  moves 
in  bearings  fixed  to  the  boiler  and  fVames,  and  that  of  the 
second  motion,  or  main  driving  axle,  being  often  in  different 
planes.  The  first  motion  and  boiler  all  take  the  average  undu- 
lation of  the  road,  and  the  second  motion  has,  on  uneven  roads, 
a  continued  elevation  and  depression  at  either  end. 

The  main  diaft  is  a  bar  fitted  with  a  centre  cross  pin  and  two 
bevel  wheels  or  couplings  firee  to  move  in  any  way.  On  this 
centre  bar  are  two  more  bevel  wheels,  and  the  two  driving 
wheels  are  respectively  connected  firmly  together  by  wrought 
iron  pipe  shafts,  which  move  freely  upon  the  centre  shaft  Upon 
tbeto  external  shafts  the  spur  wheels  are  fitted  free,  and  driven 
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by  the  two  pinions  fast  on  the  first  motion  crank  axle.  The 
two  spur  wheels  actuate  the  two  bevels  first  mentioned,  and  also 
the  central  shiEift  bj  two  driving  bars,  each  of  which  moves  freely 
on  the  three  points  of  contact,  allowing  the  two  spur  wheels  (o 
keep  unremitting  connection  with  their  respective  pinions,  at  all 
the  various  positions  in  the  planes  of  the  two  axles,  transmitting 
to  the  central  bevel  wheels  their  united  power,  through  the  two 
universal  driving  bars.  When  the  carriage  moves  along  a  straight 
road,  these  bevel  wheels  merely  act  as  circular  clutch  couplings ; 
but  in  passing  round  curves,  they  revolve  in  part,  allowing 
either  driving  wheel  to  take  the  inner  curve,  or,  if  necessary,  to 
become  stationary,  while  the  other  wheels  make  a  circuit  round  it. 
The  driving  wheels  are  each  4  ft  in  diameter  and  7  in.  wide,  and 
are  made  of  cast  bosses  and  steel  spokes  and  rim,  with  outer  seg- 
ments and  exterior  felloes  of  wood.  Upon  these  are  bolted 
segments  which  admit  of  elongation  and  substitution,  without 
interfering  with  the  rest  of  the  wheel.  The  cylinders  are  each 
6  in.  in  diameter,  with  a  stroke  of  8  in.,  and  the  link-motion  is 
the  same  as  in  railway  locomotives,  with  an  extra  expansion 
link-motion  for  forward  gear,  which  allows  a  constantly  free 
exhhust,  and  a  cut  off  at  any  part  of  the  stroke  up  to  ^.  This, 
^vith  Gray*s  variable  blast  pipe,  and  short  tubes  of  ample  size, 
enables  the  exhaust  to  be  freed  at  a  minimum  pressure,  keeping 
up  a  constant  working  pressure  of  1 50  lbs.  The  steering  ap- 
paratus is  simple  and  can  be  managed  vrith  great  ease,  as  there 
is  but  one  leiading  wheel,  the  obstructions  of  the  road  being 
yielded  to  by  the  vertical  axis  and  its  appliances.  To  assist  this 
forked  steering  shaft,  and  allow  it  to  rise  and  fall,  as  well  as  tuni 
freely,  a  parallel  motion  is  arranged,  so  as  to  transmit  the  longi- 
tudinal strain  received  by  the  wheel  to  a  fixed  pin  level  with  its 
axle,  and  made  fast  to  the  frame  between  the  cylinders,  the 
parallel  rods  having  a  universal  hold  of  a  beam  lever,  and  also 
the  ends  of  the  axle  of  the  leading  wheel. 

A  soft  metal  plug  is  inserted  in  the  boiler,  in  the  event  of  no 
water  being  found  along  the  roads,  that  will  immediately  put  out 
the  furnace  fire.  The  engine  is  fitted  with  two  steam  whistles, 
gaoge  glass,  water  cocks,  and  two  steam  pressure  gauges,  one 
for  3ie  stoker,  and  the  other  for  the  driver  and  steerer. 

Messrs.  Menyweather,  in  common  with  Messrs. 
Shand,  Mason  &  Co.,  have  been  able  to  produce  steam 
fire-engines  weighing  not  more  than  a  cwt  per  actual 
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bone-power,  and  they  find  that  the  engines  most  in 
demand  are  those  with  single  cylinders  weighing 
from  26  to  27  cwt.,  and  those  with  double  cylinders 
weighing  from  35  to  40  cwt.  The  pumps  have  their 
valves  so  arranged,  that  they  deliver  their  water  at 
the  lowest  part,  so  as  to  prevent  the  accumulation  of 
grit  or  other  obstructions  in  the  valves  by  causing 
the  valve  seats  to  be  swept  at  each  stroke  by  the 
effluent  water.  The  only  want  I  see  in  Messrs. 
Merryweather  and  Son's  engines  is  a  crank,  and  the 
sooner  they  introduce  it  the  better. 

At  the  International  Exhibition  of  fire-engines 
heldatMiddleburgh,  in  Holland,  in  July  1864,  Messrs. 
Merryweather  and  Son's  engine  obtained  the  silver 
medal,  and  200  guilder  prize ;  and  the  makers  allege 
that  their  engine  would  have  done  still  better  than  it 
did,  only  that  before  the  trial  their  boiler  had  been 
working  with  salt  water  and  that  some  of  the  salt 
still  remained.  Medals  and  inferior  prizes  were 
awarded  to  Messrs.  A.  Bikkers  &  Son,  Rotterdam ; 
F.  Bequil^  and  Beduwe,  Liege;  Peek  Brothers, 
Middleburgh  ;  and  W.  C.  Pasteur  &  Co.,  Rotterdam. 

Ice^making  Machines,  One  of  the  most  remark- 
able applications  of  the  steam-engine  is  to  the  manu- 
facture of  ice ;  which  is  accomplished  by  forcing  the 
heat  out  of  air  by  mechanical  compression,  and  then 
by  again  allowing  the  compressed  air  to  expand. 
Sach  demand  is  thus  created  for  the  restoration  of 
the  heat  before  forced  out  as  to  produce  a  great  re- 
daction in  the  temperature  of  surrounding  objects. 
On  the  occasion  of  my  first  visit  to  India  in  1847, 
the  inconveniences  caused  by  the  heat  drew  my  at- 
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tention  to  the  subject  of  artificial  refrigeration,  which 
I  proposed  to  accomplish  by  compressing  air  until  its 
tetnperature  became  so  high  that  its  surplus  heat 
would  be  readily  extracted  by  the  application  of  cold 
water ;  and  then  by  allowing  this  air  subsequently  to 
expand  under  such  circumstances  as  to  generate 
power,  a  very  low  temperature  it  was  plain  would  be 
produced  which  might  be  regulated  to  suit  the  re- 
quirements of  a  practical  system  of  refrigeration. 
Subsequently  the  same  idea  was  propounded  by 
various  other  parties;  and  an  ice-making  machine 
has  been  constructed  in  which  the  refrigeration  is 
produced  by  power  aided  by  the  agency  of  ether. 
But  in  Kirk's  machine  for  producing  cold  the  ether 
is  discarded  and  air  alone  is  used,  which  air  is  passed 
through  a  regenerator  as  in  Stirling's  air  engine. 
This  machine  is  now  in  successful  use  in  Young's 
Paraffine  Works  in  Scotland 
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CLASSIFICATION  OV  ENGINES. 

1.  Q- — What  is  meant  by  a  vacuum  ? 

A. — A  vacuum  means  an  empty  space;  a  space  in 
which  there  is  neither  water  nor  air,  nor  any  thing 
else  that  we  know  of. 

2.  Q- — Wherein  does  a  high  pressure  differ  from  a 
low  pressure  engine  ? 

Am — ^In  a  high  pressure  engine  the  steam^  aflter  having 
pushed  the  piston  to  the  end  of  the  stroke,  escapes  into 
the  atmosphere,  and  the  impelling  force  is  therefore 
that  due  to  the  difference  between  the  pressure  of  the 
steam  and  the  pressure  of  the  atmosphere.  In  the  con- 
densing engine  the  steam,  after  having  pressed  the 
piston  to  the  end  of  the  stroke,  passes  into  the  con- 
i^enser,  in  which  a  vacuum  is  maintained,  and  the  im- 
pelling force  is  that  due  to  the  difference  between  the 
pressure  of  the  steam  above  the  piston,  and  the  pressure 
of  the  vacuum  beneath  it,  which  is  nothing ;  or,  in 
other  words,  you  have  then  the  whole  pressure  of  the 
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Steam  urging  the  piston,  consisting  of  the  pressure 
shown  by  the  safety-Talve  on  the  boiler,  and  the  pres- 
sure of  the  atmosphere  besides. 

3.  Q. — In  what  way  would  you  class  the  yarious 
kinds  of  condensing  engines? 

A, — ^Into  single  acting,  rotative,  and  rotatory  engines. 
Single  acting  engines  are  engines  without  a  crank, 
such  as  are  used  for  pumping  water.  Rotative  engines 
are  engines  provided  with  a  crank,  by  means  of  which 
a  rotative  motion  is  produced ;  and  in  this  important 
class  stand  marine  and  mill  engines,  and  all  engines, 
indeed,  in  which  the  rectilinear  motion  of  the  piston 
is  changed  into  a  circular  motion.  In  rotatory  engines 
the  steam  acts  at  once  in  the  production  of  circular 
motion,  either  upon  a  revolving  piston  or  otherwise,  but 
without  the  use  of  any  intermediate  mechanism,  such 
as  the  crank,  for  deriving  a  circular  from  a  rectili- 
near motion.  Rotatory  engines  have  not  hitherto 
been  very  successful,  so  that  only  the  single  acting  or 
pumping  engine,  and  the  double  acting  or  rotative  en- 
gine, can  be  said  to  be  in  actual  use.  For  some  pur- 
poses, such,  for  example,  as  forcing  air  into  furnaces 
for  smelting  iron,  double  acting  engines  are  employed, 
which  are  nevertheless  unfurnished  with  a  crank ; 
but  engines  of  this  kind  are  not  sufficiently  numerous 
to  justify  their  classification  as  a  distinct  species,  and, 
in  general,  those  engines  may  be  considered  to  be  single 
acting,  by  which  no  rotatory  motion  is  imparted. 

4.  Q. — Is  not  the  circular  motion  derived  from  a 
cylinder  engine  very  irregular,  in  consequence  of  the 
unequal  leverage  of  the  crank  at  the  different  parts  ol 
its  revolution  ? 
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A, — No ;  rotative  engines  are  generally  provided 
with  a  l9j-wheel  to  correct  such  irregularities  hj  its 
momentum;  but  where  two  engines  with  their  re- 
spective cranks  set  at  right  angles  are  employed,  the 
irregularity  of  one  engine  corrects  that  of  the  other 
with  sufficient  exactitude  for  many  purposes.  In  the 
case  of  marine  and  locomotive  engines,  a  fly-wheel  is 
not  employed ;  but  for  cotton  spinning,  and  other  pur- 
poses requiring  great  regularity  of  motion,  its  use  with' 
common  engines  is  indispensable,  though  it  is  not  im- 
possible to  supersede  the  necessity  by  new  contrivances. 

5.  Q. — You  implied  that  there  is  some  other  dif- 
ference between  single  acting  and  double  acting  en- 
gines, than  that  which  lies  in  the  use  or  exclusion  of 
the  crank? 

A, — Yes;  single  acting  engines  act  only  in  one 
way  by  the  force  of  the  steam,  and  are  returned  by  a 
counter-weight;  whereas  double  acting  engines  are 
urged  by  the  steam  in  both  directions.  Engines,  as  I 
have  already  said,  are  sometimes  made  double  acting, 
though  unprovided  with  a  crank  ;  and  there  would  bo 
no  difficulty  in  so  arranging  the  valves  of  all  ordinary 
pumping  engines,  as  to  admit  of  this  action ;  for  the 
pumps  might  be  contrived  to  raise  water  both  by  the 
upward  and  downward  stroke,  as  indeed  in  some  mines 
is  already  done.  But  engines  without  a  crank  are 
almost  always  made  single  acting,  perhaps  from  the 
effect  of  custom,  as  much  as  from  any  other  reason, 
and  are  usually  spoken  of  as  such,  though  it  is  neces- 
sary to  know  that  there  are  some  deviations  from  the 
nsual  practice. 
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NATURE  AND  USES  OF  A  VACUUM. 

6.  Q. — The  pressure  of  a  yacuum  you  have  stated 
is  nothing ;  but  how  can  the  pressure  of  a  yacuum  be 
said  to  be  nothing,  when  a  yacuum  occasions  a  pres- 
sure of  l^lbs.  on  the  square  inch  ? 

A. — Because  it  is  not  the  yacuum  which  exerts  this 
pressure,  but  the  atmosphere,  which,  like  a  head  of 
water,  presses  on  eyerj  thing  immerged  beneath  it.  A 
head  of  water,  howeyer,  would  not  press  down  a  piston^ 
if  the  water  were  admitted  on  both  of  its  sides ;  for 
an  equilibrium  would  then  be  established,  just  as  in 
the  case  of  a  balance  which  retains  its  equilibrium  when 
an  equal  weight  is  added  to  each  scale ;  but  take  the 
weight  out  of  one  scale,  or  empty  the  water  from  one 
side  of  the  piston,  and  motion  or  pressure  is  produced ; 
and  in  like  manner  pressure  is  produced  on  a  piston 
by  admitting  steam  or  air  upon  the  one  side,  and 
withdrawing  the  steam  or  air  from  the  other  side. 
It  is  not,  therefore,  to  a  yacuum,  but  rather  to  the 
existence  of  an  unbalanced  plenum,  that  the  pressure 
made  manifest  by  exhaustion  is  due,  and  it  is  obyious 
therefore  that  a  yacuum  of  itself  would  not  work  an 
engine* 

7.  Q. — How  is  the  yacuum  maintained  in  a  con- 
densing engine  ? 

A,  —  The  steam,  after  haying  performed  its  office  in 
the  cylinder,  is  permitted  to  pass  into  a  vessel  called 
the  condenser,  where  a  shower  of  cold  water  is  dis- 
charged upon  it.  The  steam  is  condensed  by  the  cold 
water,  and  falls  in  the  form  of  hot  water  to  the  bottom 
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of  the  condenser.  The  water,  which  would  else  be 
accumulated  in  the  condenser,  is  continuallj  being 
pumped  out  by  a  pump  worked  by  the  engine.  This 
pump  is  called  the  air  pump,  because  it  also  discharges 
any  air  which  may  have  entered  with  the  water. 

8.  Q. — If  a  vacuum  be  an  empty  space,  and  there 
be  water  in  the  condenser,  how  can  there  be  a  vacuum 
there? 

A. — There  is  a  vacuum  above  the  water,  the  water 
being  only  like  so  much  iron  or  lead  lying  at  the 
bottom. 

9.  Q. — Is  the  vacuum  in  the  condenser  a  perfect 


vacuum 


p 


A, — Not  quite  perfect;  for  the  cold  water  entering 
for  the  purpose  of  condensation,  is  heated  by  the  steam, 
and  emits  a  vapour  of  a  tension  represented  by  about 
three  inches  of  mercury ;  that  is,  when  the  common 
barometer  stands  at  30  inches,  a  barometer,  with  the 
space  above  the  mercury  communicating  with  the  con- 
denser, will  stand  at  about  27  inches. 

10.  Q. — Is  this  imperfection  of  the  vacuum  wholly 
attributable  to  the  vapour  in  the  condenser  ? 

A. — No :  it  is  partly  attributable  to  the  presence  of 
a  small  quantity  of  air  which  enters  with  the  water, 
and  which  would  accumulate  until  it  destroyed  the 
vacuum  altogether  but  for  the  action  of  the  air  pump, 
which  expels  it  with  the  water,  as  already  explained. 
All  common  water  contains  a  certain  quantity  of  air 
in  solution,  and  this  air  recovers  its  elasticity  when 
the  pressure  of  the  atmosphere  is  taken  off,  just  as  the 
gas  in  soda  water  flies  up  so  soon  as  the  cork  of  the 
bottle  is  withdrawn. 
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11.  Q. — Is  a  barometer  sometimes  applied  to  tue 
condensers  of  steam  engines  ? 

A. — Yes ;  and  it  is  called  the  vacuum  gauge,  be- 
cause it  shows  the  degree  of  perfection  the  vacuum  has 
attained.  Another  gauge,  called  the  steam  gauge,  is 
applied  to  the  boiler,  which  indicates  the  pressure  of 
the  steam  bj  the  height  to  which  the  steam  forces  mer- 
cury up  a  tube.  Gauges  are  also  applied  to  the  boiler 
to  indicate  the  height  of  the  water  within  it  so  that  it 
may  not  be  burned  out  by  the  water  becoming  acci- 
dentally too  low.  In  some  cases  a  succession  of  cocks 
placed  a  short  distance  above  one  another  are  employed 
for  this  purpose,  and  in  other  cases  a  glass  tube  is 
placed  perpendicularly  in  the  front  of  the  boiler  and 
communicating  at  each  end  with  its  interior.  The 
water  rises  in  this  tube  to  the  same  height  as  in  the 
boiler  itself  and  thus  shows  the  actual  water  level. 
In  most  of  the  modern  boilers  both  of  these  contri- 
vances are  adopted. 

12.  Q. — Can  a  condensing  engine  be  worked  with  a 
pressure  less  than  that  of  the  atmosphere  ? 

A, — Yes,  if  once  it  be  started ;  but  it  will  be  a  dif- 
ficult thing  to  start  an  engine,  if  the  pressure  of  the 
steam  be  not  greater  than  that  of  the  atmosphere.  Be- 
fore an  engine  can  be  started,  it  has  to  bo  blown  through 
with  steam  to  displace  the  air  within  it,  and  this  cannot 
be  effectually  done  if  the  pressure  of  the  steam  be  very 
low.  After  the  engine  is  started,  however,  the  pressure 
in  the  boiler  may  be  lowered,  if  the  engine  be  lightly 
loaded,  until  there  is  a  partial  vacuum  in  the  boiler. 
Such  a  practice,  however,  is  not  to  be  commended,  as 
the  gauge  cocks  become  useless  when  there  is  a  partial 
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vacuum  in  the  boilor;  inasmuch  as,  when  they  are 
opened,  the  water  will  not  rush  out,  but  air  will  rush 
in.  It  is  impossible,  also,  under  such  circumstances, 
to  blow  out  any  of  the  sediment  collected  within  the 
boiler,  which,  in  the  case  of  the  boilers  of  steam 
vessels,  requires  to  be  done  every  two  hours  or  oftener. 
This  is  accomplished  by  opening  a  large  cock  which 
permits  some  of  the  supersalted  water  to  be  forced 
overboard  by  the  pressure  of  the  steam.  In  some 
cases,  in  which  the  boiler  applied  to  an  engine  is  of 
inadequate  size,  the  pressure  within  the  boiler  will 
fall  spontaneously  to  a  point  considerably  beneath  the 
pressure  of  the  atmosphere ;  but  it  is  preferable,  in 
such  cases,  partially  to  close  the  throttle  valve  in  the 
steam  pipe,  whereby  the  issue  of  steam  to  the  engine 
is  diminished ;  and  the  pressure  in  the  boiler  is  thus 
maintained,  while  the  cylinder  receives  its  former 
supply. 

13.  Q. — If  a  hole  be  opened  into  a  condenser  of  a 
steam  engine,  will  air  rush  into  it  ? 

A, — If  the  hole  communicates  with  the  atmosphere 
the  air  will  be  drawn  in. 

14.  Q.  —  With  what  velocity  does  air  rush  into  a 
vacuum  ? 

A. — With  the  velocity  which  a  body  would  acquire 
by  falling  from  the  height  of  a  homogeneous  atmo* 
sphere,  which  is  an  atmosphere  of  the  same  density 
throughout  as  at  the  earth's  surface;  and  although 
such  an  atmosphere  does  not  exist  in  nature,  its  ex- 
istence is  supposed,  in  order  to  facilitate  the  compu- 
tation. It  IS  well  known  that  the  velocity  with  which 
water  issues  from  a  cistern  is  the  same  that  would  be 
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acquired  by  a  body  falling  from  the  level  of  the  head 
to  the  level  of  the  issuing  point ;  which  indeed  is  an 
obvious  lawy  since  every  particle  of  water  descends 
and  issues  by  virtue  of  its  gravity,  and  is  in  its  descent 
subject  to  the  ordinary  laws  of  falling  bodies.  Air 
rushing  into  a  vacuum  is  only  another  example  of  the 
same  general  principle :  the  velocity  of  each  particle 
will  be  that  due  to  the  height  of  the  column  of  air 
which  would  produce  the  pressure  sustained ;  and  the 
weight  of  air  being  known,  as  well  as  the  pressure  it 
exerts  on  the  earth's  surface,  it  becomes  easy  to  tell 
what  height  a  column  of  air,  an  inch  square,  and 
of  the  atmospheric  density,  would  require  to  be,  to 
weigh  15lbs.  The  height  would  be  27,818  feet,  and 
the  velocity  which  the  fall  of  a  body  from  such  a 
height  produces  would  be  1338  feet  per  second. 


VELOCITY  OF  FALLING  BODIES  AND  MOMENTUM  OF 
MOVING  BODIES. 

15.  Q. —  How  do  you  determine  the  velocity  of 
falling  bodies  of  different  kinds  ? 

A, — All  bodies  fall  with  the  same  velocity,  when 
there  is  no  resistance  from  the  atmosphere,  as  is  shown 
by  the  experiment  of  letting  fall,  from  the  top  of  a  tall 
exhausted  receiver,  a  feather  and  a  guinea,  which  reach 
the  bottom  at  the  same  time.  The  velocity  of  falling 
bodies  is  one  that  is  accelerated  uniformly,  according 
to  a  known  law.  When  the  height  from  which  a 
body  falls  is  given,  the  velocity  acquired  at  the  end 
of  the  descent  can  be  easily  computed.     It  has  been 
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found  bj  experiment  tliat  the  square  root  of  the 
height  in  feet  multiplied  bj  8*021  will  give  the 
velocity. 

16.  Q. — But  the  velocity  in  what  terms  ? 

A, — In  feet  per  second.  The  distance  through 
which  a  body  falls  by  gravity  in  one  second  is  16^^ 
feety  in  two  seconds  64-^  feet,  in  three  seconds,  144^ 
feet^  in  four  seconds,  257-^3-  ^^^^  ^^^  ^  ^^-  ^^  ^^^ 
number  of  feet  fallen  through  in  one  second  be  taken 
as  unity,  then  the  relation  of  the  times  to  the  spaces 
will  be  as  follows :  — 

Number  of  seconds  .    .    .    •    1 1 1 2  i  3 1  41  51  6L 
Units  of  space  passed  through   1 1 1 4  1 9  Il6|25|36r^'' 

so  that  it  appears  that  the  spaces  passed  through  by  a 
falling  body  are  as  the  squares  of  the  times  of  falling. 

17.  Q,  —  Is  not  the  urging  force  which  causes 
bodies  to  fall  the  force  of  gravity  ? 

ji, — Yes ;  the  force  of  gravity  or  the  attraction  of 
the  earth. 

18.  Q. — And  is  not  that  a  uniform  force,  or  a  force 
acting  with  a  uniform  pressure? 

^.— It  is. 

19.  Q. — Therefore  during  the  first  second  of  falling 
as  much  impelling  pressure  will  be  given  by  the  force 
of  gravity  as  during  every  succeeding  second  ? 

A. — Undoubtedly. 

20.  Q. — How  comes  it  then  that  while  the  body 
fiills  64^  feet  in  two  seconds,  it  falls  only  16^  feet 
in  ono  second ;  or  why,  since  it  falls  only  16^  feet 
in  one  second,  should  it  fall  more  than  twice  16^^ 
feet  in  two  ? 
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A. — Because  16^  feet  is  the  average  and  not  the 
maximum  velocity  during  the  first  second.  The 
velocity  acquired  at  the  end  of  the  1st  second  is  not 
[6^  but  82|-  feet  per  second,  and  at  the  end  of  the 
2nd  second  a  velocity  of  S2^  feet  has  to  be  added ;  so 
that  the  total  velocity  at  the  end  of  the  2nd  second 
becomes  64f  feet ;  at  the  end  of  the  3rd,  the  velocity 
becomes  96^  feet,  at  the  end  of  the  4th,  128}  feet, 
and  so  on.  These  numbers  proceed  in  the  progression 
1,  2,  3,  4,  &c.,  so  that  it  appears  that  the  velocities 
acquired  by  a  falling  body  at  different  points,  are. 
simply  fis  the  times  of  falling,  or  the  velocity  is  simply 
proportionate  to  the  time  during  which  the  force  of 
gravity  acts.  But  if  the  velocities  be  as  the  times, 
and  the  total  space  passed  through  be  as  the  squares 
of  the  times,  then  the  total  space  passed  through  must 
be  as  the  squares  of  the  velocity ;  and  as  the  power 
inherent  in  a  falling  body,  of  any  given  weight,  is 
measurable  by  the  height  through  which  it  descends, 
it  follows  that  the  power  inherent  in  a  moving  body 
of  any  weight,  or  the  vis  viva  as  it  is  sometimes  called, 
is  proportionate  to  the  square  of  the  velocity.  Of  two 
balls  therefore,  of  equal  weight,  but  one  moving  twice 
as  fast  as  the  other,  the  faster  ball  has  four  times 
the  mechanical  force  accumulated  in  it  that  the  slower 
ball  has.  If  the  speed  of  a  fiy-wheel  be  doubled,  it 
has  four  times  the  vis  viva  it  possessed  before — vis 
viva  being  measurable  by  a  reference  to  the  height 
through  which  a  body  must  have  fallen,  to  acquire  the 
velocity  given. 

21.   Q. — By  what  considerations  is  the  vis  viva  or 
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mechanical  energy  proper  for  the  fly-wheel  of  an 
engine  determined? 

A. — By  a  reference  to  the  power  produced  every 
half  stroke  of  the  engine,  joined  to  the  consideration 
of  what  relation  the  energy  of  the  fly-wheel  rim  must 
have  thereto,  to  keep  the  irregularities  of  motion 
within  the  limits  which  are  admissible.  It  is  found  in 
practice,  that  when  the  power  resident  in  the  fly 
wheel  rim,  when  the  engine  moves  at  its  average 
speed,  is  from  two  and  a*half  to  four  times  greater 
than  the  power  generated  by  the  engine  in  one  half- 
stroke —  the  variation  depending  on  the  energy  in- 
herent in  the  machinery  the  engine  has  to  drive  and 
the  equability  of  motion  required — the  engine  will 
work  with  sufficient  regularity  for  most  ordinary  pur- 
poses, but  where  great  equability  of  motion  is  required, 
it  will  be  advisable  to  make  the  power  resident  in  the 
fly-wheel  equal  to  six  times  the  power  generated  by 
the  engine  in  one  half-8troke« 

22.  Q. —  Can  you  give  a  practical  rule  for  deter- 
mining the  proper  quantity  of  cast  iron  for  the  rim  of 
a  fly-wheel  in  ordinary  land  engines  ? 

A, — One  rule  frequently  adopted  is  as  follows; 
Multiply  the  mean  diameter  of  the  rim  by  the  number 
of  its  revolutions  per  minute,  and  square  the  product 
for  a  divisor ;  divide  the  number  of  actual  horse  power 
of  the  engine  by  the  number  of  strokes  the  piston 
makes  per  minute,  multiply  tjie  quotient  by  the 
constant  number  2,760,000,  and  divide  the  product  by 
the  divisor  found  as  above ;  the  quotient  is  the  requi- 
site quantity  of  cast  iron  in  cubic  feet  to  form  the  fly- 
wheel rim. 
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23.  Q.— What  is  Boulton  and  Watt's  rule  for 
finding  the  dimensions  of  the  fly-wheel  ? 

A. — Boulton  and  Watt's  rule  for  finding  the  di- 
mensions of  the  flj-wheel  is  as  follows: — Multiply 
44^000  times  the  length  of  the  stroke  in  feet  bj  the 
square  of  the  diameter  of  the  cylinder  in  inches,  and 
divide  the  product  by  the  square  of  the  number  of 
revolutions  per  minute  multiplied  by  the  cube  of  the 
diameter  of  the  fly-wheel  in  feet.  The  resulting 
number  will  be  the  sectional  area  of  the  rim  of  the 
fly-wheel  in  square  inches. 

CENTRAL  FORCES. 

24.  Q. — What  do  you  understand  by  centrifugal 
and  centripetal  forces? 

A. — By  centrifugal  force,  I  understand  the  force 
with  which  a  revolving  body  tends  to  fly  from  the 
centre;  and  by  centripetal  force,  I  understand  any 
force  which  draws  it  to  the  centre,  or  counteracts  the 
centrifugal  tendency.  In  the  conical  pendulum,  or 
steam  engine  governor,  which  consists  of  two  metal 
balls  suspended  on  rods  hung  from  the  end  of  a  verti- 
cal revolving  shaft,  the  centrifugal  force  is  manifested 
by  the  divergence  of  the  balls,  when  the  shaft  is  put 
into  revolution ;  and  the  centripetal  force,  which  in 
this  instance  is  gravity,  predominates  so  soon  as  the 
velocity  is  arrested ;  for  the  arms  then  collapse  and 
hang  by  the  side  of  the  shaft 

25.  Q. — ^What  measures  are  there  of  the  centrifugal 
force  of  bodies  revolving  in  a  circle  ? 

A,  —  The  centrifugal  force  of  bodies  revolving  in  a 
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circle  increases  as  the  diameter  of  the  circle,  if  the 
number  of  revolutions  remain  the  same.  If  there  be 
two  fly-wheels  of  the  same  weight,  and  making  the 
same  number  of  revolutions  per  minute,  but  the  dia- 
meter of  one  be  double  that  of  the  other,  the  larger 
will  have  double  the  amount  of  centrifugal  force.  The 
centrifugal  force  of  the  same  wheel,  however^  increases 
as  the  square  of  the  velocity ;  so  that  if  the  velocity  of 
a  fly-wheel  be  doubled,  it  will  have  four  times  the 
amount  of  centrifugal  force. 

26.  Q. — Can  you  give  a  rule  for  determining  the 
centrifugal  force  of  a  body  of  a  given  weight  moving 
with  a  given  velocity  in  a  circle  of  a  given  diameter  ? 

A. — Yes.  If  the  velocity  in  feet  per  second  be 
divided  by  401,  the  square  of  the  quotient  will  be 
four  times  the  height  in  feet  from  which  a  body  must 
have  fallen  to  have  acquired  that  velocity.  Divide  this 
quadruple  height  by  the  diameter  of  the  circle,  and  the 
quotient  is  the  centrifugal  force  in  terms  of  the  weight 
of  the  body,  so  that,  multiplying  the  quotient  by  the 
actual  weight  of  the  body,  we  have  the  centrifugal 
force  in  pounds  or  tons.  Another  rule  is  to  multiply 
the  square  of  the  number  of  revolutions  per  minute 
by  the  diameter  of  the  circle  in  feet,  and  to  divide  the 
product  by  5,870.  The  quotient  is  the  centrifugal  force 
in  terms  of  the  weight  of  the  body. 

27.  Q. — How  do  you  find  the  velocity  of  the  body 
when  its  centrifugal  force  and  the  diameter  of  the 
circle  in  which  it  moves  are  given  ? 

A0 — Multiply  the  centrifugal  force  in  terms  of  the 
weight  of  the  body  by  the  diameter  of  the  circle  in 
feett  and  multiply  the  square  root  of  the  product  by 
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4-01 ;  the  result  will  be  the  velocitj  of  the  bodj  in 
feet  per  second. 

28.  Q.— Will  70a  illustrate  this  by  finding  the 
velocity  at  which  the  cast  iron  rim  of  a  fly-wheel  10 
feet  in  diameter  would  burst  asunder  by  its  centrifugal 
force  ? 

A^ — If  we  take  the  tensile  strength  of  cast  iron  at 
15,000  lbs.  per  square  inch,  a  fly-wheel  rim  of  one 
square  inch  of  sectional  area  would  sustain  30,000  lbs. 
If  we  suppose  one  half  of  the  rim  to  be  so  fixed  to  the 
shaft  as  to  be  incapable  of  detachment,  then  the  cen- 
trifugal force  of  the  other  half  of  the  rim  at  the  moment 
of  rupture  must  be  equal  to  30,000  lbs.  Now  30,0001bs. 
divided  by  49*48  (the  weight  of  the  half  rim)  is  equal 
to  606*3,  which  is  the  centrifugal  force  in  terms  of  the 
weight.  Then  by  the  rule  given  in  the  last  answer 
606-3  X  10  =  6063,  the  square  root  of  which  is  78 
nearly,  and  78  x  4*01  =  312*78,  the  velocity  of  the 
rim  in  feet  per  second  at  the  moment  of  rupture. 

29.  Q. — What  is  the  greatest  velocity  at  which  it 
is  safe  to  drive  a  cast  iron  fly-wheel. 

A* — If  we  take  2,000  lbs.  as  the  utmost  strain  per 
square  inch  to  which  cast  iron  can  be  permanently 
subjected  with  safety ;  then,  by  a  similar  process  to 
that  just  explained,  we  have  4,000  lbs.  -s-  49*48  =  80*8 
which  multiplied  by  10  =  808,  the  square  root  of  which 
is  28*4,  and  28*4  x  401  =  113*884,  the  velocity  of 
the  rim  in  feet  per  second,  which  may  be  considered 
as  the  highest  consistent  with  safety.  Indeed,  this 
limit  should  not  be  approached  in  practice  on  account 
of  the  risks  of  fracture  from  weakness  or  imperfec- 
tions in  the  metal. 

30.  Q. — What  is  the  velocity  at  which  the  wheels 
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of  railway  trains  maj  run  if  we  take  4,000  lbs.  per 
square  inch  as  the  greatest  strain  to  which  malleable 
iron  should  be  subjected  ? 

A^ — ^The  weight  of  a  malleable  iron  rim  of  one 
square  inch  sectional  area  and  7  feet  diameter  is 
21-991  feet  x  3*4  lbs  :=  74*76,  one  half  of  which  is 
37'4  lbs.  Then  by  the  same  process  as  before,  8,000-^ 
37*4  =  213-9,  the  centrifugal  force  in  terms  of  the 
weight :  213*9  x  7,  the  diameter  of  the  wheel  =  1497*3, 
the  square  root  of  which,  38*3  x  4*01  =  155-187  feet 
per  second,  the  highest  velocity  of  the  rims  of  railway 
carriage  wheels  that  is  consistent  with  safety.  155*187 
feet  per  second  is  equivalent  to  105*8  miles  an  hour. 
As  4,000  lbs.  per  square  inch  of  sectional  area  is  the 
utmost  strain  to  which  iron  should  be  exposed  in 
machinery,  railway  wheels  can  scarcely  be  considered 
safe  at  speed  even  considerably  under  100  miles  an 
hour,  unless  so  constructed  that  the  centrifugal  force 
of  the  rim  will  be  counteracted,  to  a  material  extent, 
by  the  centripetal  action  of  the  arms.  Hooped  wheels 
are  very  unsafe,  unless  the  hoops  are,  by  some  process 
or  other,  firmly  attached  to  the  arms.  It  is  of  no  use 
to  increase  the  dimensions  of  the  rim  of  a  wheel  witli 
the  view  of  giving  increased  strength  to  counteract 
the  centrifugal  force,  as  every  increase  in  the  weight 
of  the  rim  will  increase  the  centrifugal  force  in  the 
same  proportion. 

CENTRES  OP   GRAVmr,   GYRATION,  AND  OSCILLATION. 

31.  Q. — What  do  you  understand  by  the  centre  of 
gravity  of  a  body  ? 
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A, — That  point  within  it,  in  which  the  whole  of 
the  weight  may  be  supposed  to  be  concentrated,  and 
which  continually  endeavours  to  gain  the  lowest  pos- 
sible position,  A  body  hung  in  the  centre  of  gravity 
will  remain  at  rest  in  any  position. 

32.  Q. — What  is  meant  by  the  centre  of  gyration  ? 
A. — The  centre  of  gyration  is  that  point  in  a  re 

volving  body  in  which  the  whole  momentum  may  be 
conceived  to  be  concentrated,  or  in  which  the  whole 
effect  of  the  momentum  resides.  If  the  ball  of  a 
governor  were  to  be  moved  in  a  straight  line,  the 
momentum  might  be  said  to  be  concentrated  at  the 
centre  of  gravity  of  the  ball ;  but  inasmuch  as,  by 
its  revolution  round  an  axis,  the  part  of  the  ball 
furthest  removed  from  the  axis  moves  more  quickly 
than  the  part  nearest  to  it,  the  momentum  cannot  be 
supposed  to  be  concentrated  at  the  centre  of  gravity, 
but  at  a  point  further  removed  from  the  central  shaft, 
and  that  point  is  what  is  called  the  centre  of  gyration. 

33.  Q. — What  is  the  centre  of  osdUation  ? 

A.  —  The  centre  of  oscillation  is  a  point  in  a  pendu- 
lum or  any  swinging  body,  such,  that  if  all  the  matter 
of  the  body  were  to  be  collected  into  that  point  the 
velocity  of  its  vibration  would  remain  unaffected.  It 
is  in  fact  the  mean  distance  from  the  centre  of  sus- 
pension of  every  atom,  in  a  ratio  which  happens  not 
to  be  an  arithmetical  one.  The  centre  of  oscillation 
is  always  in  a  line  passing  through  the  centre  of  sus- 
pension, and  the  centre  of  gravity. 
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84.  Q, — By  what  circumstance  is  the  Telocity  of 
Tibration  of  a  pendulous  body  determined  ? 

A, —  By  the  length  of  the  suspending  rod  only,  or, 
more  correctly,  by  the  distance  between  the  centre  of 
suspension  and  the  centre  of  oscillation.  The  length 
of  the  arc  described  does  not  signify,  as  the  times  of 
yibration  will  be  the  same,  whether  the  arc  be  the 
fourth  or  the  four  hundredth  of  a  circle,  or  at  least 
they  will  be  nearly  so,  and  would  be  so  exactly,  if 
the  curve  described  were  a  portion  of  a  cycloid.  In 
the  pendulums  of  clocks,  therefore,  a  small  arc  is  pre- 
ferred, as  there  is,  in  that  case,  no  sensible  deviation 
from  the  cycloidal  curve,  but  in  other  respects  the 
size  of  the  arc  does  not  signify. 

35.  Q. — If  then  the  length  of  a  pendulum  be  given, 
can  the  number  of  vibrations  in  a  given  time  be  de- 
termined? 

A. — Yes ;  the  time  of  vibration  bears  the  same  re- 
lation to  the  time  in  which  a  body  would  fall  through 
a  space  equal  to  half  the  length  of  the  pendulum, 
that  the  circumference  of  a  circle  bears  to  its  dia- 
meter. The  number  of  vibrations  made  in  a  given 
time  by  pendulums  of  different  lengths,  is  inversely 
as  the  square  roots  of  their  lengths. 

36.  Q. — Then  when  the  length  of  the  second's  pen* 
dnlum  is  known,  the  proper  length  of  a  pendulum  to 
make  any  given  number  of  vibrations  in  the  minute 
can  readily  be  computed  ? 

A*  —  Yes;  the  length  of  the  second's  pendulum 
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being  known,  the  length  of  another  penduluniy  required 
to  perform  any  given  number  of  vibrations  in  the 
minate,  may  be  obtained  by  the  following  rale :  mul- 
tiply the  square  root  of  the  given  length  by  60,  and 
divide  the  product  by  the  given  number  of  vibrations 
per  minute ;  the  square  of  the  quotient  is  the  length 
of  pendulum  required.  Thus  if  the  length  of  a  pen- 
dulum were  required  that  would  make  70  vibra* 
tions  per  minute  in  the  latitude  of  London,  then 

V  39-1393  X  0^=5.3531^28-75  in.,  which  is  the  length 

required. 

37.  Q. — Can  you  explain  how  it  comes  that  the 
length  of  a  pendulum  determines  the  number  of  vibra- 
tions it  makes  in  a  given  time  ? 

A,  — Because  the  length  of  the  pendulum  determines 
the  steepness  of  the  circle  in  which  the  body  moves, 
and  it  is  obvious,  that  a  body  will  descend  more  ra- 
pidly over  a  steep  inclined  plane,  or  a  steep  arc  of  a 
circle,  than  over  one  in  which  there  is  but  a  slight 
inclination.  The  impelling  force  is  gravity,  which 
urges  the  body  with  a  force  proportionate  to  the  dis- 
tance descended,  and  if  the  velocity  due  to  the  descent 
of  a  body  through  a  given  height  be  spread  over  a 
great  horizontal  distance,  the  speed  of  the  body  must 
be  slow  in  proportion  to  the  greatness  of  that  distance. 
It  is  clear,  therefore,  that  as  the  length  of  the  pendu- 
lum determines  the  steepness  of  the  arc,  it  must  also 
determine  the  velocity  of  vibration. 

38.  Q. — If  the  motions  of  a  pendulum  be  dependent 
on  the  speed  with  which  a  body  falls,  then  a  certain 
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ratio  mast  subsist  between  the  distance  through  which 
a  body  falls  in  a  second,  and  the  length  of  the  second's 
pendulum  ? 

A. — And  so  there  is;  the  length  of  the  second's 
pendulum  at  the  level  of  the  sea  in  London,  is  39*1393 
inches,  and  it  is  from  the  length  of  the  second's  pen- 
dulum that  the  space  through  which  a  body  falls  in  a 
second  has  been  determined.  As  the  time  in  which 
a  pendulum  vibrates  is  to  the  time  in  which  a  heavy 
body  falls  through  half  the  length  of  the  pendulum,  as 
the  circumference  of  a  circle  is  to  its  diameter,  and  as 
the  height  through  which  a  body  falls  is  as  the  square 
of  the  time  of  falling,  it  is  clear  that  the  height  through 
which  a  body  will  fall,  during  the  vibration  of  a  pen- 
dulum, is  to  half  the  length  of  the  pendulum  as  the 
square  of  the  circumference  of  a  circle  is  to  the  square 
of  its  diameter,  namely,  as  9*8696  is  to  1 ;  or  it  is  to 
the  whole  length  of  the  pendulum  as  the  half  of  this, 
namely  4*9848,  is  to  1;  and  4*9348  times  39*1393 
inches  is  16  and  1-12  feet  very  nearly,  which  is  the 
space  through  which  a  body  falls  by  gravity  in  a 
second. 

89.  Q. — Are  the  motions  of  the  conical  pendulum 
or  governor  reducible  to  the  same  laws  which  apply  U 
the  common  pendulum  ? 

A. — Yes ;  the  motion  of  the  conical  pendulum  may 
be  supposed  to  be  compounded  of  the  motions  of  two 
common  pendulums,  vibrating  at  right  angles  to  one 
another,  and  one  revolution  of  a  conical  pendulum  will 
be  performed  in  the  same  time  as  two  vibrations  of  a 
common  pendulum,  of  which  the  length  is  equal  to  the 
C  8 
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vertical  height  of  the  point  of  suspension  above  the 
plane  of  revolution  of  the  balls. 

40.  Q. — ^Is  not  the  conical  pendulum  or  governor  of 
a  steam  engine  driven  by  the  engine  ? 

^.— Yes. 

41.  Q. — Then  will  it  not  be  driven  round  as  any 
^ther  mechanism  would  be  at  a  speed  proportional  to 
that  of  the  engine  ? 

A.^lt  will. 

42.  Q. — Then  how  can  the  length  of  the  arms 
affect  the  time  of  revolution  ? 

A By  flying  out  until  they  assume  a  vertical 

height  answering  to  the  velocity  with  which  they 
rotate  round  the  central  axis.  As  the  speed  is  in- 
creased the  balls  expand,  and  the  height  of  the  cone 
described  by  the  arms  is  diminished,  until  its  vertical 
height  is  such  that  a  pendulum  of  that  length  would 
perform  two  vibrations  for  every  revolution  of  the 
governor.  By  the  outward  motion  of  the  arms,  they 
partially  shut  off  the  steam  from  the  engine.  If, 
therefore,  a  certain  expansion  of  the  balls  be  desired, 
and  a  certain  length  be  fixed  upon  for  the  arms,  so 
that  the  vertical  height  of  the  cone  is  fixed,  then  the 
speed  of  the  governor  must  be  such,  that  it  will  make 
half  the  number  of  revolutions  in  a  given  time  that  a 
pendulum  equal  in  length  to  the  height  of  the  cone 
would  make  of  vibrations.  The  rule  is,  multiply  the 
square  root  of  the  height  of  the  cone  in  inches  by 
0*31986,  and  the  product  will  be  the  right  time  of  re- 
volution in  seconds.  If  the  number  of  revolutions  and 
the  length  of  the  arms  be  fixed,  and  it  is  wanted  to 
know  what  is  the  diameter  of  the  circle  described  by 
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the  balls,  you  must  divide  the  constant  number  187*58 
by  the  number  of  revolutions  per  minute,  and  the 
square  of  the  quotient  will  be  the  vertical  height  in 
inches  of  the  centre  of  suspension  above  the  plane  of 
the  balls'  revolution.  Deduct  the  square  of  the  vertical 
height  in  inches  from  the  square  of  the  length  of  the 
arm  in  inches,  and  twice  the  square  root  of  the  re- 
mainder is  the  diameter  of  the  circle  in  which  the 
centres  of  the  balls  revolve. 

43.  Q. — Cannot  the  operation  of  a  governor  be  de- 
duced merely  from  the  consideration  of  centrifugal  and 
centripetal  forces  ? 

A. — It  can,  and  by  a  very  simple  process.  The 
Jiorizontal  distance  of  the  arm  from  the  spindle  divided 
by  the  vertical  height,  will  give  the  amount  of  centri- 
petal force,  and  the  velocity  of  revolution  requisite  to 
produce  an  equivalent  centrifugal  force  may  be  found 
by  multiplying  the  centripetal  force  of  the  ball  in  terms 
of  its  own  weight  by  70,440,  and  dividing  the  product 
by  the  diameter  of  the  circle  made  by  the  centre  of  the 
ball  in  inches ;  the  square  root  of  the  quotient  is  the 
number  of  revolutions  per  minute.  By  this  rule  you 
fix  the  length  of  the  arms,  and  the  diameter  of  the 
base  of  the  cone,  or,  what  is  the  same  thing,  the  angle 
at  which  it  is  desired  the  arms  shall  revolve,  and  you 
then  make  the  speed  or  number  of  revolutions  such, 
that  the  centrifugal  force  will  keep  the  balls  in  the 
desired  position. 

44«  Q. — Does  not  the  weight  of  the  baUs  affect  the 
question  ? 

A» — Not  in  the  least ;  each  ball  may  be  supposed 
to  be  made  up  of  a  number  of  small  balls  or  particles, 
03 
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and  each  particle  of  matter  will  act  for  itself.  Heavy 
balls  attached  to  a  governor  are  only  requisite  to  over- 
come the  friction  of  the  throttle  vdve  which  shuts  off 
the  steam,  and  of  the  connections  leading  thereto. 
Though  the  weight  of  a  hall  increases  its  centripetal 
force^  it  increases  its  centrifugal  force  in  the  same  pro- 
portion. 

THE  MECHANICAL  POWERS. 

45.  Qi---  What  do  you  understand  by  the  mechanical 
powers? 

^.^>The  mechanical  powers  are  certain  contri- 
vances, such  as  the  wedge,  the  screw,  the  inclined 
plane,  and  other  elementary  machines,  which  convert 
a  small  force  acting  through  a  great  space  into  a  great 
force  acting  through  a  small  space.  In  the  school 
treatises  on  mechanics,  a  certain  number  of  these  de- 
vices are  set  forth  as  the  mechanical  powers,  and  each 
separate  device  is  treated  as  if  it  involved  a  separate 
principle ;  but  not  a  tithe  of  the  contrivances  which 
accomplish  the  stipulated  end  are  represented  in  these 
learned  works,  and  there  is  no  very  obvious  neces- 
sity for  considering  the  principle  of  each  contrivance 
separately  when  the  principles  of  all  are  one  and  the 
same.  Every  pressure  acting  with  a  certain  velocity, 
or  through  a  certain  space,  is  convertible  into  a  greater 
pressure  acting  with  a  less  velocity,  or  through  a 
smaller  space ;  but  the  quantity  of  mechanical  force 
remains  unchanged  by  this  transformation,  and  all 
that  the  implements  called  mechanical  powers  accom- 
plish is  to  effect  this  transformation. 
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46L   Q. — Is  there  oo  power  gained  by  the  lever? 

A. — Not  any :  the  power  is  merely  put  into  another 
shape^  just  as  the  contents  of  a  hogshead  of  porter  are 
the  same,  whether  they  be  let  off  by  an  inch  tap  or  by 
a  hole  a  foot  in  diameter.  There  is  a  greater  gash  in 
the  one  case  than  the  other,  bat  it  idll  last  a  shorter 
time ;  when  a  lever  is  nsed  there  is  a  greater  force 
exertedy  bnt  it  acts  through  a  shorter  distance.  It 
reqoires  just  the  same  ezpenditare  of  mechanical 
power  to  lift  1  lb.  through  100  ft,  as  to  lift  100  lbs. 
through  1  foot.  A  cylinder  of  a  given  cubical  ca- 
pacity will  exert  the  same  power  by  each  stroke, 
whether  the  cylinder  be  made  tall  and  narrow,  oi 
short  and  wide ;  bat  in  the  one  case  it  will  raise  a 
small  weight  through  a  great  height,  and  in  the  other 
case,  a  great  weight  through  a  small  height. 

47.  Q.— *Is  there  no  loss  of  power  by  the  use  of 
the  crank  ? 

A. — Not  any.  Many  persons  have  supposed  that 
there  was  a  loss  of  power  by  the  use  of  the  crank,  be- 
cause at  the  top  and  bottom  centres  it  is  capable  of 
exerting  little  or  no  power ;  but  at  those  times  there 
is  little  or  no  steam  consumed,  so  that  no  waste  of 
power  is  occasioned  by  the  peculiarity.  Those  who 
imagine  that  there  is  a  loss  of  power  caused  by  the 
crank  perplex  themselves  by  confounding  the  vertical 
with  the  circumferential  velocity.  If  the  circle  of 
the  crank  be  divided  by  any  number  of  equidistant 
horizontal  lines,  it  will  be  obvious  that  there  must  be 
the  same  steam  consumed,  and  the  same  power  ex- 
pended, when  the  crank  pin  passes  from  the  level  of 
one  line  to  the  level  of  the  other,  in  whatever  part  of 
c  4 
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the  circle  it  may  be,  those  lines  being'  indicative  of 
equal  ascents  or  descents  of  the  piston.  But  it  will 
be  seen  that  the  circumferential  Telocity  is  greater 
with  the  same  expenditure  of  steam  when  the  crank 
pin  approaches  the  top  and  bottom  centres ;  and  this 
increased  velod^  exactly  compensates  for  the  di- 
minished leverage,  so  that  there  is  the  same  power 
given  out  by  the  crank  in  each  of  the  divisions. 

48.  Q. — Have  no  plans  been  projected  for  gaining 
power  by  means  of  a  lever  ? 

A, — Yes,  many  plans, — some  of  them  displaying 
much  ingenuity,  but  all  displaying  a  complete  igno- 
rance of  the  first  principles  of  mechanics,  which  teach 
that  power  cannot  be  gained  by  any  multiplication  of 
levers  and  wheels.  I  have  occasionally  heard  persons 
say :  "  You  gain  a  great  deal  of  power  by  the  use  of  a 
capstan;  why  not  apply  the  same  resource  in  the 
case  of  a  steam  vessel,  and  increase  the  power  of 
your  engine  by  placing  a  capstan  motion  between 
the  engine  and  paddle  wheels?"  Others  I  have  beard 
say:  ''By  the  hydraulic  press  you  can  obtain  un- 
limited power ;  why  not  then  interpose  a  hydraulic 
press  between  the  engines  and  the  paddles?"  To 
these  questions  the  reply  is  sufficiently  obvious 
Whatever  you  gain  in  force  you  lose  in  velocity; 
and  it  would  benefit  you  little  to  make  the  paddles 
revolve  with  ten  times  the  force,  if  you  at  the  same 
time  caused  them  to  make  only  a  tenth  of  the 
number  of  revolutions.  You  cannot,  by  any  com* 
bination  of  mechanism,  get  increased  force  and  in- 
creased speed  at  the  same  time,  or  increased  force 
without  diminished  speed:  and  it  is  from  the  ig- 
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norance  of  this  inexorable  condition,  tha€  such  myriads 
of  schemes  for  the  realisation  of  perpetual  motion, 
bj  combinations  of  levers,  weights,  wheels,  quick- 
silver, cranks,  and  other  mere  pieces  of  inert  matter, 
have  been  propounded. 

49*  Q. — Then  a  force  once  called  into  existence 
cannot  be  destroyed  ? 

A^^Noi  force  is  eternal,  if  by  force  you  mean 
power,  or  in  other  words  pressure  acting  through  space. 
Bat  if  by  force  you  mean  mere  pressure,  then  it 
furnishes  no  measure  of  power.  Power  is  not  mea- 
surable by  force,  but  by  force  and  velocity  combined. 

50.  Q. — Is  not  power  lost  when  two  moving  bodies 
strike  one  another  and  come  to  a  state  of  rest  ? 

A, — No,  not  even  then.  The  bodies  if  elastic  will 
rebound  from  one  another  with  their  original  velocity ; 
if  not  ehistic  they  will  sustain  an  alteration  of  form, 
and  heat  or  electricity  will  be  generated  of  equivalent 
value  to  the  power  which  has  disappeared. 

51.  Q. — Then  if  mechanical  power  cannot  be  lost, 
and  is  being  daily  called  into  existence  must  not  there 
be  a  daily  increase  in  the  power  existing  in  the  world? 

A. — That  appears  probable  unless  it  flows  back  in 
the  shape  of  heat  or  electricity  to  the  celestial  spaces. 
The  source  of  mechanical  power  is  the  sun  which  ex- 
hales vapours  that  descend  in  rain,  to  turn  mills,  or 
which  causes  winds  to  blow  by  the  unequal  rarefaction 
of  the  atmosphere.  It.  is  from  the  sun  too  that  the 
power  comes  which  is  liberated  in  a  steam  engine. 
The  solar  rays  enable  plants  to  decompose  carbonic 
acid  gas,  the  product  of  combustion,  and  the  vegetation 
thus  rendered  possible  is  the  source  of  coal  and  other 
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combustible  bodies.  The  combustion  of  coal  under 
a  steam  boiler  therefore  merely  liberates  the  power 
which  the  sun  gave  out  thousands  of  years  before. 


FBIOTION. 

«.  Q.— What  is  friction? 

A, — ^Friction  is  the  resistance  experienced  when 
one  body  Is  rubbed  upon  another  body,  and  is  supposed 
to  be  the  result  of  the  natiu-al  attraction  which  bodies 
have  for  one  another,  and  of  the  interlocking  of  the 
impalpable  asperities  upon  the  surfaces  of  all  bodies, 
and  these  combined  agencies  produce  such  internal 
motions  among  the  particles  of  a  rubbing  surface  as 
to  generate  heat,  which  heat  will  always  be  of  equi- 
valent value  to  the  power  expended  in  overcoming  the 
friction.  It  is  found  that  as  much  power  is  expended 
in  heating  a  pound  of  water  one  degree  by  friction,  as 
would  raise  a  pound  weight  772  feet  high  ;  and  this 
measure  of  power  is  consequently  termed  the  mecha" 
nical  equivalent  of  the  heat.  The  friction  of  smooth 
rubbing  substances  is  less  when  the  composition  of 
those  substances  is  different,  than  when  it  is  the 
same,  the  particles  being  supposed  to  interlock  less 
when  the  opposite  prominences  or  asperities  are  not 
coincident. 

53.  Q. — ^Does  friction  increase  with  the  extent  of 
rubbing  surface  ? 

A, — ^No ;  the  friction,  so  long  as  there  is  no  violent 
heating  or  abrasion,  is  simply  in  the  proportion  of  the 
pressure  keeping  the  surfaces  together,  or  nearly  so. 
It  is,  therefore,  an  obvious  advantage  to  have  the 
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bearing  snrfaees  of  Bteam  engines  as  large  as  possible, 
as  there  is  no  increase  of  friction  bj  extending  the 
surface,  while  there  is  a  great  increase  in  the  dara- 
bilitj.  When  the  bearings  of  an  engine  are  made  too 
small,  thej  Yerj  soon  wear  out  • 

54.  Q. — ^Does  friction  increase  in  the  same  ratio  as 
Telocity  ? 

A. — ^No ;  friction  does  not  increase  with  the  velo- 
city at  ally  if  the  friction  over  a  given  amount  of  sar* 
face  be  considered;*  but  it  increases  as  the  velocity, 
if  the  comparison  be  made  with  the  time  during  which 
the  friction  acts.  Thus  the  friction  of  each  stroke  of 
a  piston  is  the  same^  whether  it  makes  20  strokes  in 
the  minute,  or  40:  in  the  latter  case,  however,  there 
are  twice  the  number  of  strokes  made,  so  that,  though 
the  friction  per  stroke  is  the  same,  the  friction  per 
minute  is  doubled.  The  friction,  therefore,  of  any 
machine  per  hour  varies  as  the  velocity,  though  tho 
friction  per  revolution  remains,  at  all  ordinary  velo- 
cities^  the  same.  Of  excessive  velocities  we  have  not 
sufficient  experience  to  enable  us  to  state  with  con- 
fidence whether  the  same  law  continues  to  operate 
among  them. 

65.  Q. — Can  you  give  any  approximate  statement 
of  the  force  expended  in  overcoming  friction? 

A, — It  varies  with  the  nature  of  the  rubbing  bodies. 
The  friction  of  iron  sliding  upon  iron,  has  generally 
been  taken  at  about  one-tenth  of  the  pressure,  when 
the  surfaces  are  oiled  and  then  wiped  again,  so  that 
no  film  of  oil  is  interposed.    The  friction  of  iron  rub- 

*  This  statement  refers  only  to  the  friction  of  solids,  and  not 
of  liquids,  which  comes  under  a  different  lair,  as  explained  ai 
page  361. 
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bing  upon  brass  has  generally  been  taken  at  about 
one-eleyenth  of  the  pressure  under  the  same  circum- 
stances ;  but  in  machines  in  actual  operation,  where 
a  film  of  some  lubricating  material  is  interposed  be- 
tween the  rubbing  surfaces,  it  is  not  more  than  one* 
third  of  this  amount  or  ^rd  of  the  weight.  While 
this,  however,  is  the  average  result,  the  friction  is  a 
good  deal  less  in  some  cases.  Mr.  Southern,  in  some 
experiments  upon  the  friction  of  the  axle  of  a  grind- 
stone— an  account  of  which  maj  be  found  in  the  66th 
volume  of  the  Philosophical  Transactions — found  the 
friction  to  amount  to  less  than  ^th  of  the  weight ;  and 
Mr.  Wood,  in  some  experiments  upon  the  friction  of 
locomotive  axles,  found  that  by  ample  lubrication  the 
friction  might  be  made  as  little  as  ^^^th  of  the  weight. 
In  some  experiments  upon  the  friction  of  shafts  bj  Mr. 
G.  Rennie,  he  found  that  with  a  pressure  of  from  1 
to  5  cwt.  the  friction  did  not  exceeed  ^th  of  the 
pressure  when  tallow  was  the  unguent  employed;  with 
soft  soap  it  became  ^th.  The  fact  appears  to  be  that 
the  amount  of  the  resistance  denominated  friction 
depends,  in  a  great  measure,  upon  the  nature  of  the 
imguent  employed,  and  in  certain  cases  the  viscidity  of 
the  unguent  may  occasion  a  greater  retardation  than 
the  resistance  caused  by  the  attrition.  In  watch  work 
therefore,  and  other  fine  mechanism  it  is  necessary 
both  to  keep  the  bearing  surfaces  small,  and  to  employ 
a  thin  and  limpid  oil  for  the  purpose  of  lubrication,  for 
the  resistance  caused  by  the  viscidity  of  the  unguent 
increases  with  the  amount  of  surface,  and  the  amount 
of  surface  is  relatively  greater  in  the  smaller  class  of 
works. 
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56,  Q. — Is  SL  very  thin  unguent  preferable  also  for 
the  larger  class  of  bearings  ? 

A. — The  nature  of  the  unguent,  proper  for  different 
bearings,  appears  to  depend  in  a  great  measure  upon 
the  amount  of  the  pressure  to  which  the  bearings  are 
subjected, — the  hardest  unguents  being  best  where 
the  pressure  is  greatest  The  function  of  lubricating 
substances  is  to  prevent  the  rubbing  surfaces  from 
coming  into  contact,  whereby  abrasion  would  be  pro- 
duced, and  unguents  are  effectual  in  this  respect  in 
the  proportion  of  their  viscidity ;  but  if  the  viscidity 
of  the  unguent  be  greater  than  what  suffices  to  keep 
the  surfaces  asunder,  an  additional  resistance  will  be 
occasioned;  and  the  nature  of  the  unguent  selected 
should  always  have  reference,  therefore,  to  the  size  of 
the  rubbing  surfaces,  or  to  the  pressure  per  square 
inch  upon  them.  .  With  oil  the  friction  appears  to  be 
a  minimum  when  the  pressure  on  the  surface  of  a 
bearing  is  about  90  lbs.  per  square  inch.  The  friction 
firom  too  small  a  surface  increases  twice  as  rapidly  as 
the  friction  from  too  large  a  surface,  added  to  which, 
the  bearing,  when  the  surface  is  too  small,  wears  ra- 
pidly away. 

57.  Q. — ^Has  not  M.  Morin,  in  France,  made  some 
very  complete  experiments  to  determine  the  friction 
of  surfaces  of  different  kinds  sliding  upon  one 
another? 

A,  —  He  has ;  but  the  result  does  not  differ  mate- 
rially from  what  is  stated  above,  though,  upon  the 
whole,  M.  Morin  found  the  resistance  due  to  friction 
to  be  somewhat  greater  than  it  has  been  found  to  be 
by  various  other  engineers.     When  the  surfaces  were 
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merely  wiped  with  a  greasy  clothe  but  had  no  film  of 
lubricatiDg  material  interposed,  the  friction  of  brass 
upon  cast  iron  he  found  to  be  *107>  or  about  -j^^th  of 
the  load,  which  was  also  the  friction  of  cast  iron  upon 
oak.  But  when  a  film  of  lubricating  material  was 
interposed,  he  found  that  the  friction  was  the  same 
whether  the  surfaces  were  wood  on  metal,  wood  on 
wood,  metal  on  wood,  or  metal  on  metal;  and  the 
amount  of  the  friction  in  such  case  depended  chiefly 
on  the  nature  of  the  unguent.  With  a  mixture  ot 
hogs'  lard  and  olive  oil  interposed  between  the  sur- 
faces, the  friction  was  usually  from  ^i^th  to  -^th  of 
the  load,  but  in  some  cases  it  was  only  ^th  of  the 
load. 

58.  Q. —  May  water  be  made  to  serye  for  purposes 
of  lubrication  ? 

A. — Yes,  water  will  answer  very  well  if  the  surface 
be  very  large  relatively  with  the  pressure ;  and  in  screw 
vessels  where  the  propeller  shaft  passes  through  a  long 
pipe  at  the  stem,  the  stufiing  box  is  purposely  made 
a  little  leaky.  The  small  leakage  of  water  into  the 
vessel  which  is  thus  occasioned,  keeps  the  screw  shaft 
in  this  situation  always  wet,  and  this  is  all  the  lubri- 
cation which  this  bearing  requires  or  obtains. 

69.  Q.— -What  is  the  utmost  pressure  which  may 
be  employed  without  heating  when  oil  is  the  lubri- 
cating material  ? 

A, — That  will  depend  upon  the  velocity.  When 
the  pressure  exceeds  800  lbs.  per  square  inch,  however, 
upon  the  section  of  the  bearing  in  a  direction  pa- 
rallel with  the  axis,  then  the  oil  will  be  forced  out  and 
the  bearing  will  necessarily  heat. 
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60.  Q. — But,  witb  a  given  velocity^  can  jou  tell  the 
limit  of  pressure  which  will  be  safe  in  practice  or  with 
a  given  pressure  can  you  tell  the  limit  of  velocity  ? 

^— Yes  that  may  be  done  by  the  following  empi- 
rical rule  which  has  been  derived  from  observations 
made  upon  bearings  of  different  sizes  and  moving  with 
different  velocities.  Divide  the  number  70,000  by 
the  velocity  of  the  surface  of  the  bearing  in  feet  per 
minute.  The  quotient  will  be  the  number  of  pounds 
per  square  inch  of  section  in  the  line  of  the  axis  that 
may  be  put  upon  the  bearing.  Or,  if  we  divide  70,000 
by  the  number  of  pounds  per  square  inch  of  section, 
then  the  quotient  will  be  the  veloci^  in  feet  per 
minute  at  which  the  circumference  of  the  bearing 
may  work. 

61.  Q. — The  number  of  square  inches  upon  which 
the  pressure  is  reckoned,  is  not  the  circumference 
of  the  bearing  multiplied  by  its  length  but  the  dia- 
meter of  the  bearing  multiplied  by  its  length  ? 

A. —  Precisely  so,  it  will  be  the  diameter  multiplied 
by  the  length  of  the  bearing. 

62.  Q^ — What  is  the  amount  of  friction  in  the  case 
of  surfaces  sliding  upon  one  another  in  sandy  or  muddy 
water — such  surfaces,  for  example,  as  are  to  be  found 
in  the  sluices  of  valves  for  water  ? 

A. — Various  experiments  have  been  made  by  Mr. 
Summers  of  Southampton  to  ascertain  the  friction  of 
brass  surfaces  sliding  upon  each  other  in  sali*water, 
with  the  view  of  finding  the  power  required  for  moving 
sluice  doors  for  lock-gates  and  for  other  similar  pur- 
poses.   The  surfaces  were  planed  as  true  and  smooth 
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as  the  planing  machine  would  moke  ihem,  but  were 
not  filed  or  scraped,  and  the  result  was  as  follows :— - 
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The  UtAng  on  which  the  lUde  moved  was  fimllar,  but  three  or  four 
timet  as  long. 

These  results  were  the  average  of  eight  fair  trials : 
in  each  case,  the  sliding  surfaces  were  totally  immersed 
in  muddy  salt-water,  and  although  the  apparatus 
used  for  drawing  the  slide  along  was  not  very  de- 
licately fitted  up,  the  power  required  may  be  con- 
sidered as  a  sufficient  approximation  for  practical 
purposes. 

It  appears  from  these  experiments,  that  rough  sur- 
faces follow  the  same  law  as  regard3  friction  that  is 
followed  by  smooth,  for  in  each  case  the  friction  In- 
creases directly  as  the  pressure. 
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STBENQTH  OF  MATERIALS  AND   STRAINS   SUBSISTING 
IN  MACHINES. 

63.  Q.  —  In  what  way  are  the  strengths  of  the  dif- 
ferent parts  of  a  steam  engine  determined  ? 

A.  —  Bj  reference  to  the  amount  of  the  strain  or 
pressure  to  which  they  are  subjected,  and  to  the 
cohesive  strength  of  the  iron  or  other  material  of  which 
they  are  composed.  The  strains  subsisting  in  engines 
are  usually  characterised  as  tensile,  crushing,  twisting, 
breaking,  and  shearing  strains  ;  but  they  may  be  all 
resolved  into  strains  of  extension  and  strains  of  com- 
pression ;  and  by  the  power  of  the  materials  to  resist 
these  two  strains,  will  their  practical  strength  be 
measurable. 

64.  Q. — What  are  the  ultimate  strengths  of  the 
malleable  and  cast  iron,  brass,  and  other  materials 
employed  in  the  construction  of  engines  ? 

A*  —  The  tensile  and  crushing  strengths  of  any 
given  material  are  by  no  means  the  same.  The 
tensile  strength,  or  strength  when  extended,  of  good 
bar  iron  is  about  60,000  lbs.,  or  nearly  27  tons  per 
square  inch  of  section;  and  the  tensile  strength  of 
cast  iron  is  about  15,000  lbs.,  or  say  6|  to  7  tons  per 
square  inch  of  section.  These  are  the  weights  which 
are  required  to  break  them  The  crushing  strain  of 
cast  iron,  however,  is  about  100,000  lbs.,  or  44^  tons ; 
whereas  the  crushing  strength  of  malleable  iron  is  not 
more  than  27,000  lbs.,  or  12  tons,  per  square  inch  of 
section,  and  indeed  it  is  generally  less  than  this.  The 
ultimate  tensile  strength,  therefore,  of  malleable  iron  is 
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four  times  greater  than  that  of  cast  iron,  but  the  crushing 
strength  of  cast  iron  is  between  three  and  four  times 
greater  than  that  of  wrought  iron.  It  may  be  stated, 
in  round  numbers,  that  the  tensile  strength  of  malle- 
able iron  is  twice  greater  than  its  crushing  strength ; 
or,  in  other  words,  that  it  will  take  twice  the  strain  to 
break  a  bar  of  malleable  iron  by  drawing  it  asunder 
endways,  than  will  cripple  it  by  forcing  it  together 
endways  like  a  pillar ;  whereas  a  bar  of  cast  iron  will 
be  drawn  asunder  with  one  sixth  of  the  force  that 
will  be  required  to  break  or  cripple  it  when  forced 
together  endways  like  a  pillar. 

65.  Q.— « What  is  the  cohesive  strength  of  steel? 
A.  —  The  ultimate  tensile  strength  of  good  cast  oi 

blistered  steel  is  about  twice  as  great  as  that  ol 
wrought  iron,  being  about  130,000  lbs.  per  square 
inch  of  section.  The  tensile  strength  of  gun  metal, 
such  as  is  used  in  engines,  is  about  36,000  lbs.  per 
square  inch  of  section ;  of  wrought  copper  about 
33,000  lbs.;  and  of  cast  copper  about  19,000  lbs.  per 
square  inch  of  section. 

66.  Q.  —  Is  the  crushing  strength  of  steel  greater 
or  less  than  its  tensile  strength  ? 

A. —  It  is  about  twice  greater.  A  good  steel  punch 
will  punch  through  a  plate  of  wrought  iron  of  a 
thickness  equal  to  the  diameter  of  the  punch.  A 
punch  therefore  of  an  inch  diameter  will  pierce  a  plate 
an  inch  thick.  Now  it  is  well  known,  that  the  strain 
required  to  punch  a  piece  of  metal  out  of  a  plate,  is 
just  the  same  as  that  required  to  tear  asunder  a  bar  of 
iron  of  the  same  area  of  cross  section  as  the  area  of 
the  surface  cut.     The  area  of  the  surface  cut  in  this 
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1  will  be  the  circumference  of  the  punchy  3*1416 
inchesy  multiplied  by  the  thickness  of  the  plate^  1  inch, 
which  makes  the  area  of  the  cut  surface  3*1416 
square  inches.  The  area  of  the  point  of  the  punch 
subjected  to  the  pressure  is  -7854  square  inches,  so 
that  the  area  cut  to  the  area  crushed  is  as  four  to  one. 
In  other  words,  it  will  require  four  times  the  strain  to 
crash  steel  that  is  required  to  tear  asunder  malleable 
iron,  or  it  will  take  about  twice  the  strain  to  crush 
steel  that  it  will  require  to  break  it  hj  extension. 

67.  Q.  —  What  strain  maj  be  applied  to  malleable 
iron  in  practice  ? 

JL  —  A  bar  of  wrought  iron  to  which  a  tensile  or 
compressing  strain  is  applied,  is  elongated  or  con« 
tracted  like  a  very  stiff  spiral  spring,  nearly  in  the 
proportion  of  the  amount  of  strain  applied  up  to  the 
limit  at  which  the  strength  begins  to  give  way,  and 
within  this  limit  it  will  recover  its  original  dimensions 
when,  the  strain  is  removed.  If,  however,  the  strain 
be  carried  beyond  this  limit,  the  bar  will  not  recover 
its  original  dimensions,  but  will  be  permanently 
pulled  out  or  pushed  in,  just  as  would  happen  to  a 
spring  to  which  an  undue  strain  had  been  applied. 
This  limit  is  what  is  called  the  limit  of  elasticity ;  and 
whenever  it  is  exceeded,  the  bar,  though  it  may  not 
break  immediately,  will  undergo  a  progressive  dete- 
rioration, and  wiU  break  in  the  course  of  time.  The 
limit  of  elasticity  of  malleable  iron  when  extended, 
or,  in  other  words,  the  tensile  strain  to  which  a  bar  of 
malleable  iron  an  inch  square  may  be  subjected  with- 
oQt  permanently  deranging  its  structure,  is  usually 
taken  at  17,800  lbs.,  or  from  that  to  10  tons,  depend- 


36  X.IUIT8  OF  UULSTICITT. 

log  on  the  qaality  of  the  iron.  It  has  also  been 
found  that  malleable  iron  is  extended  about  one  ten 
thousandth  part  of  its  length  for  every  ton  of  direct 
strain  applied  to  it 

68.  Q.— What  is  the  limit  of  elasticity  of  cast 
iron? 

A. — It  is  commonly  taken  at  15,300  lbs.  per  square 
inch  of  section ;  but  this  is  certainly  much  too  high, 
as  it  exceeds  the  tensile  strength  of  irons  of  medium 
quality.  A  bar  of  cast  iron  if  compressed  by  weights 
will  be  contracted  in  length  twice  as  much  as  a  bar 
of  malleable  iron  under  similar  circumstances ;  but 
malleable  iron  when  subjected  to  a  greater  strain  than 
12  tons  per  square  inch  of  section,  gradually  crumples 
up  by  the  mere  continuance  of  the  weight.  A  cast 
iron  bar  one  inch  square  and  ten  feet  long,  is  short- 
ened about  one  tenth  of  an  inch  by  a  compressing 
force  of  10^000  lbs.,  whereas  a  malleable  iron  bar  of 
the.  same  dimensions  would  require  to  shorten  it 
equaUy  a  compressing  force  of  20,000  lbs.  As  the 
load,  however,  approaches  12  tons,  the  compressions 
become  nearly  equal,  and  above  that  point  the  rate  of 
the  compression  of  the  malleable  iron  rapidly  in- 
creases. A  bar  of  cast  iron,  when  at  its  breaking 
point  by  the  application  of  a  tensile  strain,  is  stretched 
about  one  six  hundredth  part  of  its  length ;  and  an 
equal  strain  employed  to  compress  it,  would  shorten  it 
about  one  eight  hundredth  part  of  its  length. 

69.  Q.  — But  to  what  strain  may  the  iron  used  in 
the  construction  of  engines  be  safely  subjected  ? 

A,  —  The  most  of  the  working  parts  of  modem 
engines  are  made  of  malleable  iron   and  the  utmost 
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Strain  to  which  wroaght  iron  should  be  subjected  in 
machinery  is  4000  lbs.  per  square  inch  of  section. 
Cast  iix>n  should  not  be  subjected  to  more  than  half  of 
this.  In  locomotive  boilers  the  strain  of  4000  lbs. 
per  square  inch  of  section  is  sometimes  exceeded  bj 
nearly  one  half;  but  such  an  excess  of  strain  approaches 
the  limits  of  danger. 

70.  Q. — Will  you  explain  in  what  way  the  various 
strains  subsisting  in  a  steam  engine  may  be  resolved 
into  tensile  and  crushing  strains ;  also  in  what  way 
the  magnitude  of  those  strains  may  be  determined  ? 

A.  —  To  take  the  case  of  a  beam  subjected  to  a 
transverse  strain,  such  as  the  great  beam  of  an  engine, 
it  is  clear,  if  we  suppose  the  beam  broken  through 
the  middle,  that  the  amount  of  strain  at  the  upper 
and  lower  edges  of  the  beam,  where  the  whole  strain 
may  be  supposed  to  be  collected,  will,  with  any  given 
pressure  on  the  piston,  depend  upon  the  proportion 
of  the  length  to  the  depth  of  the  beam.     One  edge  of 
the  beam  breaks  by  extension,  and  the  other  edge  by 
compression ;  and  the  upper  and  lower  edges  may  be 
regarded  as  pillars,  one  of  which  is  extended  by  the 
strain,  and  the  other  is  compressed.    If,  to  make  an 
extreme  supposition,  the  depth  of  the  beam  is  taken 
as  equal  to  its  length,  then  the  pillars  answering  to 
the  edges  of  the  beam  will  be  compressed,  and  ex- 
tended by  what  is  virtually  a  bell*crank  lever  with 
equal  arms ;  the  horizontal  distance  from  the  main 
centre  to  the  end  of  the  beam  being  one  of  the  arms, 
and  the  vertical  height  from  the  main  centre  to  the 
top  edge  of  the  beam  being  the  other  arm.     Tho 
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distance,  therefore,  passed  through  by  the  fractured 
edge  of  the  beam  during  a  stroke  of  the  engine,  will 
be  equal  to  the  length  of  the  stroke  ;  and  the  strain  it 
will  have  to  sustain  will  consequently  be  equal  to  the 
pressure  on  the  piston.  If  its  motion  were  onlj  half 
that  of  the  piston,  as  would  be  the  case  if  its  depth 
were  made  one  half  less,  the  strain  the  beam  would 
have  to  bear  would  be  twice  as  great ;  and  it  may  be 
set  down  as  an  axiom,  that  the  strain  upon  any  part 
of  a  steam  engine  or  other  machine  is  inversely  equal 
to  the  strain  produced  by  the  prime  mover,  multiplied 
by  the  comparative  velocity  with  which  the  part  in 
question  moves.  If  any  part  of  an  engine  moves  , 
with  a  less  velocity  than  the  piston,  it  will  have  a 
greater  strain  on  it,  if  resisted,  than  is  thrown  upon 
the  piston.  If  it  moves  with  a  greater  velocity  than 
the  piston,  it  will  have  a  less  strain  upon  it,  and  the 
difference  of  strain  will  in  every  case  be  in  the  in- 
verse proportion  of  the  difference  of  the  velocity. 

71*  Q.  —  Then,  in  computing  the  amount  of  metal 
necessary  to  give  due  strength  to  a  beam,  the  first 
point  is  to  determine  the  velocity  with  which  the 
edge  of  the  beam  moves  at  that  point  where  the  strain 
is  greatest  ? 

A.  —  The  web  of  a  cast  iron  beam  or  girder 
serves  merely  to  connect  the  upper  and  lower  edges 
or  flanges  rigidly  together,  so  as  to  enable  the  ex- 
tending and  compressing  strains  to  be  counteracted  in 
an  effectual  manner  by  the  metal  of  those  flanges. 
It  is  only  necessary,  therefore,  to  make  the  flanges  of 
sufficient  strength  to  resist  effectually  the  crushing 
and  tensile  strains  to  which  they  are  exposed,  and 
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to  make  the  web  of  the  beam  of  sufficient  strength  to 
prevent  a  distortion  of  its  shape  from  taking  place. 

72.  Q. — Is  the  strain  greater  from  being  moveable 
or  intermittent  than  if  it  was  stationary  ? 

A»  —  Yes ;  it  is  nearly  twice  as  great  from  being 
moveable.  Engineers  are  in  the  habit  of  making  gir- 
ders intended  to  sustain  a  stationary  load,  about  three 
times  stronger  than  the  breaking  weight;  but  if  the 
load  be  a  moveable  one,  as  is  the  case  in  the  girders 
of  railway  bridges,  they  make  the  strength  equal  to 
six  times  the  breaking  weight. 

73.  Q. — Then  the  strain  is  increased  by  the  sud- 
denness with  which  it  is  applied  ? 

A,  —  If  a  weight  be  placed  on  a  long  and  slen- 
der beam  propped  up  in  the  middle,  and  the  prop 
be  suddenly  withdrawn,  so  as  to  allow  deflection  to 
take  place,  it  is  clear  that  the  deflection  must  be 
greater  than  if  the  load  had  been  gradually  applied. 
The  momentum  of  the  weight  and  also  of  the  beam 
itaelf  falling  through  the  space  through  which  it  has 
been  deflected,  has  necessarily  to  be  counteracted  by 
the  elasticity  of  the  beam ;  and  the  beam  will,  there- 
fore, be  momentarily  bent  to  a  greater  extent  than 
what  is  due  to  the  load,  and  after  a  few  vibrations  up 
and  down  it  will  finally  settle  at  that  point  of  de- 
flection which  the  load  properly  occasions.  It  is 
obvious  that  such  a  beam  must  be  strong  enough,  not 
merely  to  sustain  the  pressure  due  to  the  load,  but 
also  that  accession  of  pressure  due  to  the  counteracted 
momentum  of  the  weight  and  of  the  beam  itself. 
Although  in  steam  engines  the  beam  is  not  loaded  by 
a  weight  but  by  the  pressure  of  the  steam  yet  the 
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momentum  of  the  beam  itself  must  in  every  case  be 
counteracted,  and  the  momentum  will  be  considerable 
in  every  case  in  which  a  large  and  rapid  deflection 
takes  place.  A  rapid  deflection  increases  the  amount 
of  the  deflection  as  well  as  the  amount  of  the  strain, 
■as  is  seen  in  the  cylinder  cover  of  a  Cornish  pumping 
engine,  into  which  the  steam  is  suddenly  admitted, 
and  in  which  the  momentum  of  the  particles  of  the 
metal  put  into  motion  increases  the  deflection  to  an 
extent  such  as  the  mere  pressure  of  the  steam  could 
not  produce. 

74.  Q.  —  What  will  be  the  amount  of  increased 
strain  consequent  upon  deflection  ? 

A.  —  The  momentum  of  any  moving  body  being 
proportional  to  the  square  of  its  velocity,  it  follows 
that  the  strain  will  be  proportional  to  the  square  of 
the  amount  of  deflection  produced  in  a  specified  time. 

75.  Q. —  But  will  not  the  inertia  of  a  beam  resist 
deflection,  as  well  as  the  momentum  increase  de- 
flection ? 

A, — No  doubt  that  will  be  so;  but  whether  in 
practical  cases  increase  of  mass  without  reference  to 
strength  or  load  will,  upon  the  whole,  increase  or 
diminish  deflection,  will  depend  very  much  upon  the 
magnitude  of  the  mass  relatively  with  the  magnitude 
of  the  deflecting  pressure,  and  the  rapidity  with  which 
that  pressure  is  applied  and  removed.  Thus  if  a 
force  or  weight  be  very  suddenly  applied  to  the 
middle  of  a  ponderous  beam,  and  be  as  suddenly  with- 
drawn, the  inertia  of  the  beam  will,  as  in  the  case  of 
the  collision  of  bodies,  tend  to  resist  the  force,  and 
thus  obviate  deflection  to  a  considerable  extent ;  but 
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if  the  pressure  be  so  long  continued  as  to  produce  the 
amount  of  deflection  due  to  the  pressure,  the  effect  of 
the  inertia  in  that  case  will  be  to  increase  the  de- 
flection. 

76.  Q.  —  Will  the  pressure  given  to  the  beam 
of  an  engine  in  different  directions  facilitate  its  frac- 
ture? 

A.  —  Iron  beams  bent  alternately  in  opposite  di- 
rections, or  alternately  deflected  and  released,  will 
be  broken  in  the  course  of  time  with  a  much  less 
strain  than  is  necessary  to  produce  immediate  frac- 
ture. It  has  been  found,  experimentally,  that  a  cast 
iron  bar,  deflected  by  a  revolving  cam  to  only  half  the 
extent  due  to  its  breaking  weight,  will  in  no  case 
withstand  900  successive  deflections ;  but,  if  bent  by 
the  cam  to  only  one  third  of  its  ultimate  deflection, 
it  will  withstand  100,000  deflections  without  visible 
injury.  Looking,  however,  to  the  jolts  and  vibra- 
tions to  which  engines  are  subject,  and  the  sudden 
strains  sometimes  thrown  upon  them,  either  from 
water  getting  into  the  cylinder  or  otherwise,  it  does 
not  appear  that  a  strength  answering  to  six  times  the 
breaking  weight  will  give  suflicient  margin  for  safety 
in  the  case  of  cast  iron  beams. 

77.  Q. — Does  the  same  law  hold  in  the  case  of  the 
deflection  of  malleable  iron  bars  ? 

A,  —  In  the  case  of  malleable  iron  bars  it  has 
been  found  that  no  very  perceptible  damage  was 
caused  by  10,000  deflections,  each  deflection  being 
such  as  was  due  to  half  the  load  that  produced  a 
large  permanent  deflection. 

78.  Q.  —  The  power  of  a  rod  or  pillar  to  resist 
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compression  becomes  very  little  when  the  diameter  is 
small  and  the  length  great  ? 

A,  —  The  power  of  a  rod  dr  pillar  to  resist  com« 
pression,  varies  nearly  as  the  fourth  power  of  the 
diameter  divided  by  the  square  of  the  length.  In 
the  case  of  hollow  cylindrical  columns  of  cast  iron,  it 
has  been  found,  experimentally,  that  the  3*55th  power 
of  the  internal  diameter,  subtracted  from  the  3*55th 
power  of  the  external  diameter,  and  divided  by  the 
l*7th  power  of  the  length,  will  represent  the  strength 
very  nearly.  In  the  case  of  hollow  cylindrical  co- 
lumns of  malleable  iron,  experiment  shows  that  the 
3*59th  power  of  the  internal  diameter,  subtracted 
from  the  3*59th  power  of  the  external  diameter,  and 
divided  by  the  square  of  the  length,  gives  a  proper 
expression  for  the  strength ;  but  this  rule  only  holds 
where  the  strain  does  not  exceed  8  or  9  tons  on  the 
square  inch  of  section.  Beyond  12  or  13  tons  per 
square  inch  of  section,  the  metal  cannot  be  depended 
upon  to  withstand  tho  strain,  though  hollow  pillars 
will  sometimes  bear  15  or  16  tons  per  square  inch  of 
section. 

79.  Q. — Does  not  the  thickness  of  the  metal  of  the 
pillars  or  tubes  affect  the  question  ? 

A* — It  manifestly  does;  for  a  tube  of  very  thin 
metal,  such  as  gold  leaf  or  tin  foil,  would  not  stand  on 
end  at  all,  being  crushed  down  by  its  own  weight 
It  is  found,  experimentally,  that  in  malleable  iron 
tubes  of  the  respective  thicknesses  of  *525,  *272,  and 
'124  inches,  the  resistances  per  square  inch  of  section 
are  19'17,  14*47,  and  7*47  tons  respectively.  The 
power  of  plates  to  resist  compression  varies  nearly  as 
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the  cube,  or  more  nearly  as  the  2-878th  power  of 
their  thickness ;  but  this  law  onlj  holds  so  long  as 
the  pressure  applied  does  not  exceed  from  9  to  12 
tons  per  square  inch  of  section.  When  the  pressure 
is  greater  than  this  the  metal  is  crushed,  and  a  new 
law  superveneSy  according  to  which  it  is  necessary  to 
employ  plates  of  twice  or  three  times  the  thickness, 
to  obtain  twice  the  resisting  power. 

80.  Q.  —  In  a  riveted  tube,  will  the  riveting  be 
mach  damaged  by  heavy  strains  ? 

A, — It  will  be  most  affected  by  percussion.  Long 
continued  impact  on  the  side  of  a  tube,  producing 
a  deflection  of  only  one  fifth  of  that  which  would 
be  required  to  injure  it  by  pressure,  is  found  to  be 
destructive  of  the  riveting ;  but  in  large  riveted 
structures,  such  as  a  ship  or  a  railway  bridge,  the 
inertia  of  the  mass  will,  by  resisting  the  effect  of  im- 
pact, prevent  any  injurious  action  from  this  cause 
from  taking  place. 

81.  Q.  —  Will  the  power  of  iron  to  resist  shocks 
be  in  all  cases  proportional  to  its  power  to  resist 
strains  ? 

A. — By  no  means.  Some  cast  iron  is  very  hard 
and  brittle;  and  although  it  will  in  this  state 
resist  compression  very  strongly,  it  will  be  easily 
broken  by  a  blow.  Iron  which  has  been  re-melted 
many  times  generally  falls  into  this  category,  as  it 
will  also  do  if  run  into  very  small  castings.  It  has 
been  found,  by  experiment,  that  iron  of  which  the 
crashing  strength  per  square  inch  is  about  42  tons, 
will,  if  re-melted  twelve  times,  bear  a  crushing  weight 
of  70  tons,  and  if  re-melted  eighteen  times  it  will 


44        COMBINATION  OF  MALLEABLE  ANB  CAST  IROlT. 

bear  a  crashing  weight  of  83  tons  ;  but  taking  its 
power  to  resist  impact  in  its  first  state  at  706,  this 
power  will  be  raised  at  the  twelfth  re-melting  to  1153, 
and  will  be  sank  at  the  eighteenth  re-melting  to  149. 

82.  Q.  —  From  all  this  it  appears  that  a  combina- 
tion of  cast  iron  and  malleable  iron  is  the  best  for  the 
beams  of  engines  ? 

A, — Yes,  and  for  all  beams.  Engine  beams  should 
be  made  deeper  at  the  middle  than  thej  are  now  made : 
the  web  should  be  lightened  by  holes  pierced  in  it,  and 
round  the  edge  of  the  beam  there  should  be  a  malle- 
able iron  hoop  or  strap  securely  attached  to  the  flanges 
by  riveting  or  otherwise*  The  flanges  at  the  edges 
of  engine  beams  are  invariably  made  too  small.  It  is 
in  them  that  the  strength  of  the  beam  chiefly  resides. 
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CHAPTER  L 

GENERAL  DESOBIPTION   OP   THE   STEAM 
ENGINE. 


THE  BOILEB. 


83.  Q.  —  What  are  the  chief  varieties  of  the  steam 
engine  in  actual  practical  use  ? 

A.  —  There  is  first  the  single  acting  engine,  which 
is  used  for  pumping  water ;  the  rotative  land  engine, 
which  is  employed  to  drive  mills  and  manufactories ; 
the  rotative  marine  engine,  which  is  used  to  propel 
steam  vessels;  and  the  locomotive  engine,  which  is 
employed  on  railways.  The  last  is  always  a  high 
pressure  engine;  the  others  are,  for  the  most  part, 
condensing  engines. 

84.  Q.  —  Will  you  explain  the  construction  and 
action  of  the  single  acting  engine,  used  for  draining 
mines  ? 

A.  —  Permit  me  then  to  begin  with  the  boiler, 
which  is  coDunon  and  necessary  to  all  engines  ;  and  I 
will  take  the  example  of  a  waggon  boiler,  such  as  was 
employed  by  Boulton  and  Watt  universally  in  their 
early  engines,  and  which  is  still  in  extensive  use. 
This  boiler  is  along  rectangular  vessel,  with  a  rounded 
top,  like  that  of  a  carrier's  waggon,  from  its  resem- 
blance to  which  it  derives  its  name.  A  fire  is  set 
beneath  i%  and  flues  constructed  of  brickwork  encircle 
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it,  80  as  to  keep  the  flame  and  smoke  in  contact  with 
the  boiler  for  a  sufficient  time  to  absorb  the  heat. 

85.  Q.  —  This  species  of  boiler  has  not  an  internal 
furnace,  but  is  set  in  brickwork,  in  which  the  furnace 
is  formed  ? 

A.  —  Precisely  so.  The  general  arrangement  and 
configuration  will  be  at  once  understood  by  a  reference 
to  the  annexed  figure  {fig.  3.),  which  is  a  perspective 

Fig.  3. 


Waooon  Boilbk. 

view  of  a  waggon  boiler.  The  grate  and  a  part  of 
the  fines  are  rendered  visible  in  the  figure  by  the 
removal  of  a  portion  of  the  surrounding  masonry 
in  which  the  boiler  is  set.  The  interior  of  the 
boiler  is  also  shown  by  cutting  off  one  half  of  the 
semicircular  roof.     I'he  door  by  which  the  fuel  is  in- 
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trodneed  to  tlie  grate  is  represented  at  a.  A  door  is 
also  represented  at  b,  leading  to  the  ash  pit ;  but  in  land 
boilers  doors  are  not  commonly  applied  in  this  situation. 
The  fire  bars  at  c  slope  downwards  from  the  front  at 
an  angle  of  about  25%  giving  the  fuel  a  tendency  to 
move  towards  the  back  of  the  grate.  The  ash  pit  d 
is  oonstructed  of  sufficient  magnitude  to  enable  a 
sufficient  supply  of  air  to  ascend  through  the  grate 
bars,  and  the  fiame  passes  over  a  low  wall  or  bridge 
at  iR,  and  traverses  the  bottom  of  the  boiler.  The 
smoke  rises  up  at  the  back  of  the  boiler,  and  proceeds 
From  H  to  I,  through  the  flue  shown  in  that  situation, 
^th  its  upper  part  removed.  It  proceeds  on  in  this 
flue  to  K ;  passes  along  the  other  side  of  the  boiler, 
and  then  ascends  the  chimney.  The  performance  of 
this  course  by  the  smoke  is  what  is  termed  a  wheel 
draught,  as  the  smoke  wheels  once  round  the  boiler, 
and  then  ascends  the  chimney. 

86.  Q*  —  Is  the  performance  of  this  course  by  the 
smoke  universal  in  waggon  boilers  ? 

A. — No:  such  boilers  sometimes  have  what  is 
termed  a  split  draught.  The  smoke  and  flame,  when 
they  reach  the  end  of  the  boiler,  pass  in  this  case 
through  an  iron  flue  or  tube,  reaching  from  end  to  end 
of  the  boiler ;  and  on  arriving  at  the  position  of  E,  the 
smoke  splits  or  separates — one  half  passing  through 
a  flue  on  the  one  side  of  the  boiler,  and  the  other  half 
passing  through  a  flue  on  the  other  side  of  the 
boiler — ^both  of  these  flues  having  their  debouch  in  the 
chimney. 

87.  Q.  —  There  appear  to  be  several  pipes  leading 
out  of  the  boiler  ? 

A.  —  On  the  top  of  the  boiler,  near  the  front,  is  a 
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Rhort  cylinder,  with  a  lid  secured  by  bolts.  This  is 
the  man-hole  door,  the  purpose  of  which  is  to  enable 
a  man  to  get  into  the  inside  of  the  boiler  when 
necessary  for  inspection  and  repair.  On  the  top  of 
this  door  is  a  small  yalve  opening  downwards,  called 
the  atmospheric  valve.  The  intention  of  this  valve 
is  to  prevent  a  vacuum  from  being  formed  accidentally 
in  the  boiler,  which  might  collapse  it;  for  if  the 
pressure  in  the  boiler  subsides  to  a  point  materially 
below  the  pressure  of  the  atmosphere,  the  valve  will 
open  and  allow  air  to  get  in.  The  bent  pipe,  which 
rises  up  from  the  top  of  the  boiler,  immediately  be- 
hind the  position  of  the  man-hole,  is  the  steam  pipe 
for  conducting  the  steam  to  the  engine ;  and  the  bent 
pipe  which  ascends  from  the  top  of  the  boiler,  at  the 
back  end,  is  the  waste  steam  pipe  for  conducting  away 
the  steam,  which  escapes  through  the  safety  valve. 
This  valve  is  set  in  a  chest,  standing  on  the  top  of  the 
boiler,  at  the  foot  of  the  waste  steam  pipe,  and  it  is 
loaded  with  iron  or  leaden  weights  to  a  point  answer- 
able to  the  intended  pressure  of  the  steam. 

88.  Q.  —  How  is  the  proper  level  of  the  water  in 
the  boiler  maintained  ? 

A.  —  By  means  of  a  balanced  buoy  or  float,  which 
in  this  boiler  is  square,  and  which  may  be  seen  at  the 
surface  of  the  water.  This  float  is  attached  to  the 
rod  N,  which  in  its  turn  is  attached  to  a  lever,  set  on 
the  top  of  the  large  upright  pipe  p.  The  upper 
part  of  the  pipe  p  is  widened  out  into  a  small  cistern, 
through  a  short  pipe  in  the  middle  of  which  a  chain 
passes  to  the  damper;  but  any  water  emptied  into 
this  small  cistern  cannot  pass  into  p,  except  through 
a  small  valve  fixed  to  the  lever  to  which  the  rod  n  is 
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attached.  The  water  for  replenishing  the  boiler  is 
pnmped  into  the  small  cistern  on  the  top  of  p  ;  and  it 
follows  from  these  arrangements  that  when  the  buojr 
falls,  the  rod  n  opens  the  small  yalve  and  allows  the 
feed  water  to  enter  p,  which  communicates  with  the 
water  in  the  boiler ;  whereas,  when  the  buoy  rises,  the 
feed  cannot  enter  p,  and  it  has,  therefore,  to  run  to 
waste  through  an  overflow  pipe  provided  for  the 
purpose. 

89.  Q.  —  How  is  the  strength  of  the  fire  regulated  ? 
A. — The  draught  through  the  furnaces  of  land 

boilers  is  regulated  bj  a  plate  of  metal  or  a  damper, 
as  it  is  called,  which  slides  like  a  sluice  up  and  down 
in  the  flue,  and  this  damper  is  closed  more  or  less 
when  the  intensity  of  the  fire  has  to  be  moderated. 
In  waggon  boilers  this  is  generally  accomplished  by 
self-acting  mechanism.  In  the  pipe  p,  which  is  called 
a  stand  pipe,  the  water  rises  up  to  a  height  propor* 
tional  to  the  pressure  of  the  steam,  and  the  surface  of 
the  water  in  this  pipe  will  rise  or  fall  with  the 
fluctuations  in  the  pressure  of  the  steam.  In  this 
pipe  a  float  is  placed,  which  communicates  by  means 
of  a  chain  with  the  damper  at  o.  If  the  pressure  of 
the  steam  rises,  the  float  will  be  raised  and  the 
damper  closed,  whereas,  if  the  pressure  in  the  boiler 
falls,  the  reverse  of  this  action  will  take  place. 

90.  Q.  —  Are  all  land  boilers  of  the  same  con- 
struction as  that  which  you  have  just  described  ? 

A, — No;  many  land  boilers  are  now  made  of  a 
cylindrical  form,  with  one  or  two  internal  flues  in 
which  the  furnace  is  placed.  A  boiler  of  this  kind  is 
represented  in  Jigs.  4.  and  6.,  and  which  is  the  species 
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of  boiler  principally  used  in  Cornwall.  In  this  boiler 
a  large  internal  cylinder  or  flue  runs  from  end  to  end. 
In  the  fore  part  of  this  cylinder  the  furnace  is  placed, 
and  behind  the  furnace  a  large  tube  filled  with  water 
extends  to  the  end  of  the  boiler.  This  internal  tube 
is  connected  to  the  bottom  part  of  the  boiler  by  a 
copper  pipe  standing  vertically  immediately  behind 
the  furnace  bridge,  and  to  the  top  part  of  the  boiler 
by  a  bent  copper  pipe  which  stands  in  a  vertical  posi- 
tion near  the  end  of  the  boiler.  The  smoke,  after 
passing  through  the  central  flue,  circulates  round  the 
sides  and  beneath  the  bottom  of  the  boiler  before  its 
final  escape  into  the  chimney.  The  boiler  is  carefully 
covered  over  to  prevent  the  dispersion  of  the  heat. 

91.  Q.  —  Will  you  describe  the  construction  of  the 
boilers  used  in  steam  vessels  ? 

A,  —  These  are  of  two  classes,  flue  boilers  and  tu- 
bular boilers,  but  the  latter  are  now  most  used.  In 
the  flue  boiler  the  furnaces  are  set  within  the  boiler, 
and  the  flues  proceeding  from  them  wind  backwards 
and  forwards  within  the  boiler  until  finally  they  meet 
and  enter  the  chimney.  J^igs,  6,  7,  8.  and  9,  are  dif- 
ferent views  of  a  flue  boiler.     Fig.  6.  is  a  front  eleva- 
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Fig.  6. 


tion»  showing  the  mouths  of  the  furnaces  and  ash-pits. 
i^.  7.  is  a  horizontal  section  through  ab,^^.  9.  ;  and 
Jig.  8.  is  a  horizontal  section 
through  CD,^;^.  9.  Fig,  9.  is  a 
Tertical  section  through  gh, 
fy,  8.  Jn^,  9.  the  general 
configuration  of  the  hoiler 
is  very  clearly  represented ; 
and  the  smoke,  after  wind- 
ing first  through  the  lower 
tier  of  fines  and  next  through 
the  upper  tier  of  flues,  final- 
ly debouches  at  the  chim- 
ney. 

92.   Q.  —  Is  this  arrange- 
ment different  from  that  obtaining  in  tubular  boilers  ? 
A.  —  In  tubular  boilers,  the  smoke  after  leaving 


r 

RRR 

QQd) 

IffARncs  Fldb  Boilbk. 
Elevation. 


Ifg.  7. 


Fli,9. 


MARitTB  Flub  Boilbr. 

Horixontal  Section  throagh  Furnacea.       Horixontal  Section  tbrorgh  Hues. 

B  2 


62 


kARINE  FLUE  BOILBES. 

Fig,  9. 


Marinb  Flds  Boiler. 
LoQgltadiiua  Section. 

the  furnace  jnst  passes  once  through  a  number  of 
small  tubes  and  then  enters  the  chimney.  These 
tubes  are  sometimes  of  brass,  and  they  are  usually 
about  3  inches  in  diameter  and  6  or  7  feet  long. 
Figs.  10.  and  11.  represent  a  marine  tubular  boiler : 
/ig,  10.  being  a  vertical  longitudinal  section,  and 
^.  11.  being  half  a  front  elevation  and  half  a  trans- 
verse section.  There  is  a  projecting  part  on  the  top 
of  the  boiler  called  the  "  steam  chest,"  of  which  the 
purpose  is  to  retain  for  the  use  of  the  cylinder  a 
certain  supply  of  steam  in  a  quiescent  state,  in  order 
that  it  may  have  time  to  clear  itself  of  foam  or  spray. 
A  steam  chest  is  a  usual  part  of  all  marine  boilers. 
In  Jig.  10.  A  is  the  furnace,  B  the  steam  chest,  and  c 
the  smoke  box  which  opens  into  the  chimney.  The 
front  of  the  smoke  box  is  usually  closed  by  doors 
which  may  be  opened  when  necessary  to  sweep  the 
soot  out  of  the  tubes. 
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THE  ENCmE. 

93.  Q. — The  steam  passes  from  the  boiler  through 
the  steam  pipe  into  the  cylinder  of  the  engine  ? 

A.  —  And  presses  up  and  down  the  piston  alter- 
nately, being  admitted  alternately  above  and  below  the 
piston  by  suitable  valves  provided  for  that  purpose. 

94.  Q.  —  This  reciprocating  motion  is  all  that  is 
required  in  a  pumping  engine  ? 

A.  —  The  prevailing  form  of  the  pumping  engine 
consists  of  a  great  beam  vibrating  on  a  centre  like  the 
beam  of  a  pair  of  scales^  and  the  cylinder  is  in  con- 
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nection  with  one  end  of  the  beam  and  the  pump  stands 
at  the  other  end.  The  pump  end  of  the  beam  is  usually 
loaded,  so  as  to  cause  it  to  preponderate  when  the 
engine  is  at  rest ;  and  the  whole  e£fort  of  the  steam  is 
employed  in  overcoming  this  preponderance  until  a 
stroke  is  performed,  when,  the  steam  being  shut  off,  the 
heavy  end  of  the  beam  again  falls  and  the  operation  is 
repeated. 

95.  Q.  —  In  the  double  acting  engine  the  piston  is 
pushed  by  the  steam  both  ways,  whereas  in  the  single 
acting  engine  it  is  only  pushed  one  way  ? 

A, —  The  structure  and  action  of  a  double  acting 
land  engine  of  the  kind  introduced  by  Mr.  Watt,  will 
be  understood  by  a  reference  to  the  annexed  figure 
{fig,  12.),  where  an  engine  of  this  kind  is  shown  in 
section,  o  is  the  cylinder  in  which  a  movable  piston, 
p,  is  forced  alternately  up  and  down  by  the  alternate 
admission,  to  each  side,  of  the  steam  from  the  boiler. 
The  piston,  by  means  of  a  rod  called  the  piston  rod, 
gives  motion  to  the  beam  h/,  which  by  means  of  a 
heavy  bar,  o,  called  the  connecting  rod,  moves  the 
crank,  g,  and  with  it  the  fly  wheel,  f,  from  which  the 
machinery  to  be  driven  derives  its  motion. 

96.  Q.  —  Where  does  the  steam  enter  from  the 
boiler  ? 

A.  —  At  the  steam  pipe,  s.  The  throttle  valve  in 
that  pipe  is  an  elliptical  plate  of  metal  swivelling  on  a 
spindle  passing  through  its  edge  from  side  to  side, 
and  by  turning  which  more  or  less  the  opening  through 
the  pipe  will  be  more  or  less  closed.  The  extent  to 
which  this  valve  is  opened  or  closed  is  determined  by 
the  governor,  <^  the  balls  of  which,  as  they  collapse 
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Fig.  12. 


DOUBLB  ACTINO  ROTATITB  STBAM  EmQINB. 

or  expand,  move  up  or  down  a  collar  on  the  governor 
spindle,  which  motion  is  communicated  to  the  throttle 
valve  by  suitable  rods  and  bell-cranks.  The  governor, 
it  will  be  seen,  consists  substantially  of  two  heavy 
balls  attached  to  arms  fixed  upon  an  upright  shaft, 
which  is  kept  in  revolution  by  means  of  a  cord  driven 
by  a  pulley  on  the  fly  wheel  shaft.  The  velocity  with 
which  the  balls  of  the  governor  revolve  being  propor- 
tional to  that  of  the  fly  wheel,  it  will  follow,  that  if 
by  reason  of  too  rapid  a  supply  of  steam,  an  undue 
speed  be  given  to  the  fly  wheel,  and  therefore  to  the 
balls,  a  divergence  of  the  balls  will  take  place  to  an 
extent  corresponding  to  the  excess  of  velocity,  and 
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this  movement  being  communicated  to  the  throttle 
valve  it  will  be  partly  closed,  the  supply  of  steam  to 
the  engine  will  be  diminished,  and  the  velocity  of  its 
motion  will  be  reduced.  If,  on  the  other  hand,  the 
motion  of  the  engine  is  slower  than  is  requisite,  owing 
to  a  deficient  supply  of  steam  through  s,  then  the 
balls,  not  being  sufficiently  aflfected  by  centrifugal 
force,  will  fall  towards  the  vertical  spindle,  and  the 
throttle  valve,  t,  will  be  more  fully  opened,  whereby 
a  more  ample  supply  of  steam  will  be  admitted  to  the 
cylinder,  and  the  speed  of  the  engine  will  be  increased 
to  the  requisite  extent. 

97.  Q.  —  The  piston  must  be  made  to  fit  the  cy- 
linder accurately  so  as  to  prevent  the  passage  of 
steam  ? 

A, — The  piston  is  accurately  fitted  to  the  cylinder, 
and  made  to  move  in  it  steam  tight  by  a  packing  of 
hemp  driven  tightly  into  a  groove  or  recess  round.the 
edge  of  the  piston,  and  which  is  squeezed  down  by  an 
iron  ring  held  by  screws.  The  piston  divides  the 
cylinder  into  two  compartments,  between  which  there 
is  no  communication  by  which  steam  or  any  other 
elastic  fluid  can  pass.  A  casing  b  b',  set  beside  the 
cylinder  contains  the  valves,  by  means  of  which  the 
steam  which  impels  the  piston  is  admitted  and  with- 
drawn, as  the  piston  commences  its  motion  in  each 
direction.  The  upper  steam  box  b  is  divided  into 
three  compartments  by  two  valves.  Above  the  upper 
steam  valve  y  is  a  compartment  communicating,  with 
the  steam  pipe  8.  Below  the  lower  valve  e  is 
another  compartment  communicating  with  a  pipe 
called  the  eduction  pipe,  which  leads  downwards  from 
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the  cylinder  to  the  condenser,  in  which  vessel  the 
steam  is  condensed  bj  a  jet  of  cold  water.  By  the 
valve  Y,  a  communication  may  be  opened  or  closed 
between  the  boiler  and  the  top  of  the  cylinder,  so  as 
to  permit  or  prevent  a  supply  of  steam  from  the  one 
to  pass  to  the  other.  By  the  valve  s  a  communica- 
tion  may  be  open  or  closed  between  the  top  of  the 
cylinder  and  the  condenser,  so  that  the  steam  in  the 
top  compartment  of  the  cylinder  may  either  be  per- 
mitted to  escape  into  the  condenser,  or  may  be 
confined  to  the  cylinder.  The  continuation  of  the 
steam  pipe  s'  leads  to  the  lower  steam  box  b^  which, 
like  the  upper,  is  divided  into  three  compartments  by 
two  valves  v^  and  e',  and  the  action  of  the  lower 
valves  is  in  all  respects  the  same  as  that  of  the 
upper. 

98.  Q.  —  Are  all  these  valves  connected  together 
90  that  they  act  simultaneously  ? 

A,  —  The  four  valves  v  e,  v'  e'  are  connected  by 
rods  to  a  single  handlo  m,  which  handle  is  moved 
alternately  up  and  down  by  means  of  pins  or  tappets, 
placed  on  the  rod  which  works  the  air  pump.  When 
the  handle  m  is  pressed  down,  the  levers  in  con- 
nexion with  it  open  the  upper  exhausting  valve  e 
and  the  lower  steam  valve  v^,  and  close  the  upper 
steam  valve  v  and  the  lower  exhausting  valve  r'. 
On  the  other  hand,  when  the  handle  m  is  pressed  up 
it  opens  the  upper  steam  valve  v  and  the  lower 
exhausting  valve  e',  and  at  the  same  time  closes  the 
apper  exhausting  valve  e  and  the  lower  steam 
valve  v'. 

99.  Q. — Where  is  the  condenser  situated  r 
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A,  —  The  condenser  d  is  immerged  in  a  cistern  of 
cold  water.  At  its  side  there  is  a  tube  i,  for  the 
admission  of  water  to  condense  the  steam,  and  which 
is  governed  by  a  cock,  by  opening  which  to  any 
required  extent,  a  jet  of  cold  water  may  be  made  to 
play  in  the  condenser.  From  the  bottom  of  the 
condenser  a  short  pipe  leads  to  the  air  pump  k',  and 
in  this  pipe  there  is  a  flap  valve  M,  caUed  the  foot 
valve,  opening  towards  the  air  pump.  The  air  pump 
is  a  pump  set  in  the  same  cistern  of  cold  water  that 
holds  the  condenser,  and  it  is  fitted  with  a  piston  or 
bucket  worked  by  the  rod  b,  attached  to  the  great 
beam,  and  fitted  ^ith  a  valve  opening  upwards  in  the 
manner  of  a  common  sucking  pump.  The  upper  part 
of  the  air  pump  communicates  with  a  small  cistern  k, 
called  the  hot  well,  through  a  valve  opening  outwards 
and  called  the  delivery  valve.  A  pump  l,  called  the 
hot  water  pump,  lifts  hot  water  out  of  the  hot  well  to 
feed  the  boiler,  and  another  pump  n  lifts  cold  water 
from  a  well  or  other  source  of  supply,  to  maintain  the 
supply  of  water  to  the  cold  water  cistern,  in  which 
the  condenser  and  air  pump  are  placed. 

100.  Qi^-Will  you  explain  now  the  manner  in  which 
the  engine  acts  ? 

A.  —  The  piston  being  supposed  to  be  at  the  top  of 
the  cylinder,  the  handle  m  will  be  raised  by  the  lower 
pin  or  tappet  on  the  air  pump  rod,  and  the  valves  v 
and  E'  will  be  opened,  and  at  the  same  time  the  other 
pair  of  valves  V  and  e  will  be  closed.  Steam  will 
therefore  be  admitted  above  the  piston,  and  the  steam 
or  air  which  had  previously  filled  the  cylinder  below 
the  piston  will  be  drawn  off  to  the  condenser.     It 
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wOl  there  encounter  the  jet  of  cold  water,  which  is 
kept  constantlj  plajing  there  hj  keeping  the  cock  i 
sufficientlj  open.  It  will  thus  be  immediately  con- 
densed or  reduced  to  water,  and  the  cylinder  below 
the  piston  will  have  a  vacuum  in  it.  The  steam 
therefore  admitted  from  the  steam  pipe  through  the 
open  valve  y  to  the  top  of  the  cylinder,  not  being 
resisted  by  pressure  below,  will  press  the  piston  to 
the  bottom  of  the  cylinder.  As  it  approaches  that 
position,  the  handle  m  will  be  struck  down  by  the 
upper  pin  or  tappet  on  the  air  pump  rod,  and  the 
valves  Y  and  e^,  previously  open,  will  be  closed,  while 
the  valves  v^  and  e,  previously  closed,  will  be  opened. 
The  steam  which  has  just  pressed  down  the  piston, 
and  which  now  fills  the  cylinder  above  the  piston, 
will  then  flow  off,  through  the  open  valve  e,  to  the 
condenser,  where  it  will  be  immediately  condensed 
by  the  jet  of  cold  water  ;  and  steam  from  the  boiler, 
admitted  through  the  open  valve  y^,  will  fill  the 
cylinder  below  the  piston,  and  press  the  piston  up- 
wards. When  the  piston  has  reached  the  top  of  the 
cylinder,  the  lower  pin  on  the  air  pump  rod  will  have 
struck  the  handle  upwards,  and  will  thereby  have 
closed  the  valves  y'  and  e,  and  opened  the  valves  Y 
and  E^  The  piston  will  then  be  in  the  same  situation 
as  in  the  commencement,  and  will  again  descend,  and 
so  will  continue  to  be  driven  up  and  down  by  the 
Bt6am« 

101.  Q. — ^But  what  becomes  of  the  cold  water  which 
18  let  into  the  condenser  to  condense  the  steam  ? 

A. — ^It  is  pumped  out  by  the  air  pump  in  the  shape 
of  hot  water,  its  temperature  having  been  raised  con- 
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siderably  by  the  admixture  of  the  steam  with  it. 
When  the  air  pump  piston  ascends  it  leaves  behind  it 
a  vacuum  ;  and  the  foot  valve  m^  being  relieved  from 
all  pressure,  the  weight  of  the  water  in  the  condenser 
forces  it  open,  and  the  warm  water  flows  from  the 
condenser  into  the  lower  part  of  the  air  pump,  from 
which  its  return  to  the  condenser  is  prevented  by  the 
intervening  valve.  When  the  air  pump  piston  de- 
scends, its  pressure  on  the  liquid  under  it  will  force 
open  the  valve  in  it,  through  which  the  hot  water  will 
ascend ;  and  when  the  bucket  descends  to  the  bottom 
of  the  pump  barrel,  the  warm  water  which  was  below 
it  will  all  have  passed  above  it,  and  cannot  return. 
When  the  bucket  next  ascends,  the  water  above  it, 
not  being  able  to  return  through  the  bucket  valve, 
will  be  forced  into  the  hot  weU  through  the  delivery 
valve  K.  The  hot  water  pump  l  pumps  a  small  quan- 
tity of  this  hot  water  into  the  boiler,  to  compensate 
for  the  abstraction  of  the  water  that  has  passed  off  in 
the  form  of  steam.  The  residue  of  the  hot  water 
runs  to  waste. 

102.  Q, — By  what  expedient  is  the  piston  rod  en- 
abled to  pass  through  the  cylinder  cover  without 
leaking  steam  out  of  the  cylinder  or  air  into  it  ? 

A.  —  The  hole  in  the  cylinder  lid,  through  which 
the  piston  rod  passes,  is  furnished  with  a  recess  called 
a  stuffing  box,  into  which  a  stuffing  or  packing  of 
plaited  hemp  is  forced,  which,  pressing  on  the  one 
side  against  the  interior  of  the  stuffing  box,  and  on 
the  other  side  against  the  piston  rod,  which  is  smooth 
and  polished,  prevents  any  leakage  in  this  situation. 
The  packing  of  this  staffing  box  is  forced  down  by  a 
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ring  of  metal  tightened  bj  screws.  This  ring,  which 
accnratelj  fits  the  piston  rod,  has  a  projecting  flange, 
through  which  bolts  pass  for  tightening  the  ring  down 
upon  the  packing ;  and  a  similar  expedient  is  em- 
ployed in  nearly  every  case  in  which  packing  is 
employed. 

103.  Q. — In  what  way  is  the  piston  rod  connected 
to  the  great  beam  ? 

A* — The  piston  rod  is  connected  to  the  great  beam 
by  means  of  two  links,  one  at  each  side  of  the  beam, 
shown  at  /g.  These  links  are  usually  made  of  the 
same  length  as  the  crank,  and  their  purpose  is  to  en- 
able the  end  of  the  great  beam  to  move  in  the  arc  of 
a  circle  while  the  piston  rod  maintains  the  vertical 
position.  The  point  of  junction,  therefore,  of  the 
links  and  the  piston  rod  is  of  the  form  of  a  knuckle 
or  bend  at  some  parts  of  the  stroke. 

104.  Q.  —  But  what  compels  the  top  of  the  piston 
rod  to  maintain  the  vertical  position  ? 

A. —  Some  engines  have  guide  rods  set  on  each  side 
of  the  piston  rod,  and  eyes  on  the  top  of  the  piston 
rod  engage  these  guide  rods,  and  maintain  the  piston 
rod  in  a  vertical  position  in  every  part  of  the  stroke. 
More  commonly,  however,  the  desired  end  is  attained 
by  means  of  a  contrivance  called  the  parallel  motion. 

105.  Q.— What  is  the  parallel  motion  ? 

A,  —  The  parallel  motion  is  an  arrangement  of 
jointed  rods^  so  connected  together  that  the  divergence 
from  the  vertical  line  at  any  point  in  the  arc  described 
by  the  beam  is  corrected  by  an  equal  and  opposite  di- 
vergence due  to  the  arc  performed  by  the  jointed  rods 
during  the  stroke ;  and  as  these  opposite  deviations 
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mutuallj  correct  one  another,  the  result  ia  that  the 
piston  rod  moves  in  a  vertical  direction. 

106.  Q. —  WiU  yon  explain  the  action  mc&re  in 
detail? 

A. — The  pin  which  passes  through  the  end  of  the 
beam  at/  has  a  link  /^  hung  on  each  side  of  the  beam, 
and  a  short  cross  bar,  called  a  cross  head,  extends 
from  the  bottom  of  one  of  these  links  to  the  bottom 
of  the  other,  which  cross  head  is  perforated  with  a 
hole  in  the  middle  for  the  reception  of  the  piston  rod. 
There  are  similar  links  b  d  B,t  the  point  of  the  main 
beam,  where  the  air  pump  rod  is  attached.  There 
are  two  rods  d  g  connecting  the  links  b  d  with  the 
links/ ^,  and  these  rods,  as  tbej  always  continue  pa^- 
rallel  to  the  main  beam  throughout  the  stroke,  are 
called  parallel  bars.  Attached  to  the  ends  of  these 
two  rods  at  d  are  two  other  rods  c  d,  of  which  the 
ends  at  c  are  attached  to  stationary  pins,  while  the 
ends  at  d  follow  the  motion  of  the  lower  ends  of  the 
links  b  d.  These  rods  are  called  the  radius  bars. 
Now  it  is  obvious  that  the  arc  described  by  the  point 
dy  with  c  as  a  centre,  is  opposite  to  the  arc  described 
by  the  point  g,  with  J  as  a  centre.  The  rod  d  g  is, 
therefore,  drawn  back  horizontally  by  the  arc  de- 
scribed at  (/  to  an  extent  equal  to  the  versed  sine  of 
the  arc  described  at  g,  or,  in  other  words,  the  line  de- 
scribed by  the  point  g  becomes  a  straight  line  instead 
of  a  curve. 

107.  Q. — Does  the  air  pump  rod  move  vertically  as 
well  as  the  piston  rod  ? 

A. — It  does.  The  air  pump  rod  is  suspended  from 
a  cross  head,  passing  from  the  centre  of  one  of  the 
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linkB  b  dto  the  centre  of  the  other  link,  on  the  oppo* 
site  side  of  the  beam.  Now,  as  the  distance  from  the 
central  axis  of  the  great  beam  to  the  point  b  is  equal 
to  the  length  of  the  rod  c  dy  it  will  follow  that  the 
upper  end  of  the  link  wiU  follow  one  arc,  and  the 
lower  end  an  equal  and  opposite  arc.  A  point  in  the 
centre  of  the  link,  therefore,  where  these  opposite 
motions  meet,  will  follow  no  arc  at  all,  but  will  move 
up  and  down  vertically  in  a  straight  line. 

1 08 .  Q. — The  use  of  the  crank  is  to  obtain  a  circular 
motion  from  a  reciprocating  motion  ? 

A. — That  is  the  object  of  it,  and  it  accomplishes  its 
object  in  a  very  perfect  manner,  as  it  gradually  arrests 
the  velocity  of  the  piston  towards  the  end  of  the 
stroke,  and  thus  obviates  what  would  otherwise  be  an 
injurious  shock  upon  the  machine.  When  the  crank 
approaches  the  lowest  part  of  its  throw,  and  at  the 
same  time  the  piston  is  approaching  the  top  of  the 
cylinder,  the  motion  of  the  crank  becomes  nearly 
horizontal^  or,  in  other  words,  the  piston  is  only  ad- 
vanced, through  a  very  short  distance,  for  any  given 
distance  measured  on  the  circle  described  by  the 
crank  pin.  Since,  then,  the  velocity  of  rotation  of  the 
crank  is  nearly  uniform,  it  will  follow  that  the  piston 
will  move  very  slowly  as  it  approaches  the  end  of  the 
stroke  ;  and  the  piston  is  brought  to  a  state  of  rest  by 
this  gradually  retarded  motion,  both  at  the  top  and 
the  bottom  of  the  stroke. 

109.  Q.  —  What  causes  the  crank  to  revolve  at  a 
uniform  velocity  ? 

A.  —  The  momentum  of  the  machinery  moved  by 
the  piston,  but  more  especially  of  the  fly  wheel,  which 
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by  its  operation  redresses  the  unequal  pressures  com- 
municated by  the  crank,  and  compels  the  crank  shaft 
to  revolve  at  a  nearly  uniform  velocity.  Everyone 
knows  that  a  heavy  wheel  if  put  into  rapid  rotation 
cannot  be  immediately  stopped.  At  the  beginning  and 
end  of  the  stroke  when  the  crank  is  vertical,  no  force 
of  torsion  can  be  exerted  on  the  crank  shaft  by  the 
cranky  but  this  force  is  at  its  maximum  when  the  crank 
is  horizontal.  From  the  vertical  point,  where  this 
force  is  nothing,  to  the  horizontal  point,  where  it  is  at 
its  maximum,  the  force  of  torsion  exerted  on  the 
crank  shaft  is  constantly  varying ;  and  the  fly  wheel 
by  its  momentum  redresses  these  irregularities,  and 
carries  the  crank  through  that  "  dead  point/*  as  it  is 
termed,  where  the  piston  cannot  impart  any  rotative 
force. 

1 10.  Q. — Are  the  configuration  and  structure  of  the 
steam  engine,  as  it  left  the  hand  of  Watt,  materially 
di£ferent  from  those  of  modern  engines  ? 

A.  7—  There  is  not  much  difference.  In  modern 
rotative  land  engines,  the  valves  for  admitting  the 
steam  to  the  cylinder  or  condenser^  instead  of  being 
clack  or  pot-lid  valves  moved  by  tappeta  on  the  air 
pump  rod,  are  usually  sluice  or  sliding  valves,  moved 
by  an  eccentric  wheel  on  the  crank  shaft.  Sometimes 
the  beam  is  discarded  altogether,  and  malleable  iron 
is  more  largely  used  in  the  construction  of  engines 
instead  of  the  cast  iron,  which  formerly  so  largely 
prevailed.  But  upon  the  whole  the  steam  engine  of 
the  present  day  is  substantially  the  engine  of  Watt ; 
and  he  who  perfectly  understands  the  operation  of 
Watt's  engine,  will  have  no  difficulty  in  understanding 
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tlie  Operation  of  any  of  the  numerous  varieties  of 
engines  since  introduced. 

THE  MARINE  ENGINE. 

111.  Q. — ^Will  jou  describe  the  principal  features  of 
the  kind  of  steam  engine  employed  for  the  propulsion 
of  vessels  ? 

A.  —  Marine  engines  are  of  two  kinds, — paddle 
engines  and  screw  engines.  In  the  one  case  the 
propelling  instrument  is  paddle  wheels  kept  in  rota- 
tion at  each  side  of  the  ship :  in  the  other  case,  the 
propelling  instrument  is  a  screw,  consisting  of  two  or 
more  twisted  vanes,  revolving  beneath  the  water  at 
the  stem.  Of  each  class  of  engines  there  are  many 
distinct  varieties. 

112.  Q. — ^What  are  the  principal  varieties  of  the 
paddle  engine  ? 

A,  —  There  is  the  side  lever  engine,  and  the  oscil- 
lating engine^  besides  numerous  other  forms  of  engine 
which  are  less  known  or  employed,  such  as  the  trunk, 
double  cylinder,  annular,  Gorgon,  steeple,  and  many 
others.  The  side  lever  engine  however,  and  the 
oscillating  engine,  are  the  only  kinds  of  paddle  engines 
which  have  been  received  with  wide  or  general 
favour. 

113.  Q.  —  Will  you  explain  the  main  distinctive 
features  of  the  side  lever  engine  ? 

A, — In  all  paddle  vessels,  whatever  be  their  subor- 
dinate characteristics,  a  great  shaft  of  wrought  iron, 
turned  round  by  the  engine,  has  to  be  carried  from 
side  to  side  of  the  vessel,  on  which  shaft  are  fixed  the 
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paddle  wlieels.  The  paddle  wheels  may  either  be 
formed  with  fixed  float  boards  for  engaging  the  water, 
like  the  boards  of  a  common  undershot  water  wheel, 
or  they  may  be  formed  with  feathering  float  boards 
as  they  are  termed,  which  is  float  boards  movable  on 
a  centre,  and  so  governed  by  appropriate  mechanism 
that  they  enter  and  leave  the  water  in  a  nearly 
vertical  position.  The  fixed  floats  are  attached  by 
bolts  to  the  arms  of  two  or  more  rings  of  malleablo 
iron  which  are  fixed  by  appropriate  centres  on  the 
paddle  shaft,  and  the  feathering  floats  swing  on 
horizontal  spindles.  It  is  nsaal  in  steam  vessels  to 
employ  two  engines,  the  cranks  of  which  are  set  at 
right  angles  with  one  another.  When  the  paddle 
wheels  are  turned  by  the  engines,  the  float  boards 
engaging  the  water  cause  a  forward  thrust  to  be 
imparted  to  the  shaft,  which  propels  forward  the 
vessel  on  the  same  principle  that  a  boat  is  propelled 
by  the  action  of  oars. 

114.  Q — These  remarks  apply  to  all  paddle 
vessels  ? 

A. — ^They  do.  With  respect  to  the  side  lever 
engine,  it  may  be  described  to  be  such  a  modification 
of  the  land  beam  engine,  already  described,  as  will 
enable  it  to  be  got  below  the  deck  of  a  vesseL  With 
this  view,  instead  of  a  single  beam  being  placed  over- 
head, two  beams  are  used,  one  of  which  is  set  on 
each  side  of  the  engine  as  low  down  as  possible.  The 
cross  head  which  engages  the  piston  rod  is  made 
somewhat  longer  than  the  diameter  of  the  cylinder, 
and  two  great  links  or  rods  proceed  one  from  each 
end  of  the  cross  head  to  one  end  of  the  side  levers  or 
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beams.  A  similar  cross  bar  at  the  other  end  of  the 
beams  serves  to  connect  them  together  and  to  the 
connecting  rod,  which,  proceeding  from  thence  up« 
wards,  engages  the  crank,  and  thereby  turns  round 
the  paddle  wheels. 

115.   Q. — Will  joa  further  illustrate  this  general 
description  bj  an  example  ? 

A, — ^I  will  take  as  an  example  the  engines  con- 
structed bj  Messrs.  Boulton  and  Watt  for  the  steamers 
Red  Rover  and  City  of  Canterbury,  and  which  were 
in  successful  and  constant  use  for  a  great  number  of 
years.  F^.  13.  is  a  longitudinal  section  of  both 
engine  and  boiler  $  x  x  represent  the  beams  or  keel- 
sons  to  which  the  engines  are  attached,  and  on  which 
the  boilers  rest.  The  engines  are  tied  down  by  strong 
bolts  passing  through  the  bottom  of  the  vessel,  but 
the  boiler  keeps  its  position  by  its  weight  alone ;  s  is 
the  steam  pipe  leading  from  the  steam  chest  of  the 
boiler  to  the  slide  or  sluice  valve  e,  by  which  the 
steam  is  admitted  alternately  to  the  top  and  bottom  of 
the  cylinder,  b  is  the  condenser  and  e  the  air  pump, 
which  is  worked  off  the  side  levers  by  means  of  side 
rods  and  a  cross  head.  A  strono^  gudgeon,  called  the 
main  centre^  passes  through  the  condenser  at  K,  the 
projecting  ends  of  which  serve  to  support  the  side 
levers  or  beams,  f  is  the  hot  well,  out  of  which  the 
feed  pump  draws  water  to  replenish  the  boiler,  which 
is  forced  through  the  pipe  il  l  is  the  piston  rod 
which,  by  means  of  the  cross  head  and  side  rods,  is 
connected  to  the  side  levers  or  beams,  one  of  which  is 
shown  in  dotted  lines  at  h  h,  as  being  at  the  back  of 
the  engine,  the  other  being  supposed  to  be  removed 
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to  enable  the  engine  to  be  shown  in  section,    h  is  the 
connecting  rod,  to  which  motion  is  imparted  bj  the 
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beams,  through  the  medium  of  the  cross  tail  extending 
between  the  beams,  and  which  by  means  of  the  crank 
turns  the  paddle  shaft  o.  The  framing  upon  which 
the  paddle  shaft  rests  is  denoted  bj  q  b,  and  the  rods 
of  the  parallel  motion  bj  a  a*  The  eccentric  which 
works  the  slide  valve  is  placed  upon  the  paddle  shaft. 
It  consists  of  a  disc  of  metal  encircled  by  a  hoop,  to 
which  a  rod  is  attached,  and  the  disc  is  perforated 
with  a  hole  for  the  shaft,  not  in  the  centre,  but  near 
one  edge.  When,  therefore,  the  shaft  revolves,  carry- 
ing the  eccentric  with  it,  the  rod  attached  to  the  en* 
circling  hoop  receives  a  reciprocating  motion,  just  as 
It  would  do  if  attached  to  a  crank  in  the  shaft.  The 
section  of  the  boiler  f  ues  is  represented  by  wu,  the 
safety  valve  by  y ;  and  h  h  are  cocks,  by  which  the 
water  in  the  boiler  is  blown  out  into  the  sea  by  the 
pressure  of  the  steam,  when  the  boilers  require  to  be 
emptied,  and  also  through  which  a  portion  of  the 
water  in  the  boiler  is  blown  out  from  time  to  time, 
while  the  engine  is  at  work,  in  order  to  prevent  the 
sea  water  from  reaching  an  injurious  amount  of  con« 
centration  ? 

116.  Q,  — Will  you  describe  the  mode  of  starting 
the  engine? 

A.  —  I  may  first  mention  that  when  the  engine  is 
at  rest,  the  connection  between  the  eccentric  and  the 
slide  valve  is  broken,  by  lifting  the  end  of  the  eccen- 
tric rod  out  of  a  notch,  which  engages  a  pin  on  the 
Talve  shaft;  and  the  valve  is  at  such  times  free  to  be 
moved  by  hand  by  a  bar  of  iron,  applied  to  a  proper 
part  of  the  valve  gear  for  that  purpose.  This  bein^ 
V  3 
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SO,  the  engineer,  when  he  wishes  to  start  the  engine, 
first  opens  a  small  valve  called  the  blow  through  valve^ 
which  permits  steam  from  the  boiler  to  enter  the 
engine  both  above  and  below  the  piston,  and  also  to 
fill  the  condenser  and  air  pump.  This  steam  expels 
the  air  from  the  interior  of  the  engine,  and  also  anj 
water  which  may  have  accumulated  there ;  and  when 
this  has  been  done,  the  blow  through  valve  is  shut, 
and  a  vacuum  very  soon  forms  within  the  engine,  by 
the  condensation  of  the  steam.  If  now  the  slide  valve 
be  moved  by  hand,  the  steam  from  the  boiler  will  be 
admitted  on  one  side  of  the  piston,  while  there  is  a 
vacuum  on  the  other  side,  and  the  piston  will,  there- 
fore, be  moved  in  the  desired  direction.  When  the 
piston  reaches  the  end  of  the  stroke,  the  valve  has  to 
be  moved  in  the  reverse  direction,  when  the  piston 
will  return,  and  after  being  moved  thus  by  hand,  once 
or  twice,  the  connection  of  the  valve  with  the  eccen- 
tric is  to  be  restored  by  aUowing  the  notch  on  the  end 
of  the  eccentric  rod  to  engage  the  pin  on  the  valve 
lever,  when  the  valve  will  be  thereafter  moved  by  the 
engine  in  the  proper  manner.  It  will,  of  course^  be 
necessary,  when  the  engine  begins  to  .move,  to  open 
the  injection  cock  a  little,  to  enable  water  to  enter  for 
the  condensation  of  the  steam.  In  the  most  recent 
marine  engines,  a  somewhat  difierent  mechanism  from 
this  is  used  for  giving  motion  to  the  valves,  but  that 
mechanism  will  be  afterwards  described. 

117.  Q.  —  Are  all  marine  engines  condensing 
engines  ? 

A'. — ^Nearly  all  of  them  are  so;  but  special 
vessels  have  at  times  been  constructed  with  high 
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pressure  engines.    In  general,  however,  marine  en- 
gines are  low  pressure  or  condensing  engines. 

118.  Q. — ^Will  jou  now  describe  the  chief  features 
of  the  oscillating  paddle  marine  engine  ? 

A.  —  In  the  oscillating  paddle  marine  engine,  the 
arrangement  of  the  paddle  shaft  and  paddle  wheels  is 
the  same  as  in  the  case  already  described,  but  the 
whole  of  the  side  levers,  side  rods,  cross  head,  cross 
tail,  and  connecting  rod  are  discarded.  The  cylinder 
is  set  immediately  under  the  crank :  the  top  of  the 
piston  rod  is  connected  immediately  to  the  crank  pin ; 
and,  to  enable  the  piston  rod  to  accommodate  itself  to 
the  movement  of  the  crank,  the  cylinder  is  so  con- 
structed as  to  be  susceptible  of  vibrating  or  oscilla- 
ting upon  two  external  axes  or  trunnions.  These 
trunnions  are  generally  placed  about  half-way  up  on 
the  sides  of  the  cylinder ;  and  through  one  of  them 
steam  is  received  from  the  boiler,  while  through  the 
other  the  steam  escapes  to  the  condenser.  The  air 
pump  is  usually  worked  by  means  of  a  crank  in  the 
shafts  which  crank  moves  the  air  pump  bucket  up  and 
down  as  the  shaft  revolves. 

119.  Q. — Will  you  give  an  example  of  a  paddle 
oscillating  engine  ? 

A, — I  will  take  as  an  example  the  oscillating 
engines  constructed  by  Messrs.  Rennie  for  the  steamei 
Peterhoff;  and  this  vessel  was  also  fitted  with  fea- 
thering wheels.  Fig.  14.  is  a  transverse  section  of 
this  vessel,  showing  the  engines  and  wheels  ;  and 
Jig*  15.  is  a  side  view  of  the  engines,  showing  also 
one  of  the  wheels.  There  are  two  cylinders  in  this 
vessel,  and  one  air  pump,  which  lies  in  an  inclined 
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position,  and  is  worked  by  a  crank  in  the  shaft  which 
stretches  between  the  cylinders,  and  which  is  called 
the  intermediate  shaft.     ▲  a,  ^ff,  14.,  are  the  two 
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cylinders,  b  b  the  two  piston  rods,  and  c  c  the  two 
cranks,  d  is  the  crank  in  the  intermediate  shaft, 
which  works  the  air  pamp  b  ;  f  f  are  the  slide  valves, 
bj  which  the  admission  of  the  steam  to  the  cylinders 
is  regulated,  o  o  are  double  eccentrics  fixed  on  the 
shaft,  whereby  the  movement  of  the  slide  valves  is 
regulated.  The  purpose  of  the  double  eccentrics  is  to 
enable  a  particular  arrangement  of  valve  gear  to  be 
employed  which  is  denominated  the  Unk  motion^  and 
which  will  be  described  hereafter.  H  is  a  handle 
whereby  the  engine  may  be  instantly  stopped,  started, 
or  reversed,  without  the  necessity  of  detaching  the 
eccentric  rod  from  the  valve  motiou,  as  is  necessary 
where  the  link  motion  is  not  employed.  1 1  are  the 
steam  pipes  leading  to  the  steam  trunnions  k  k,  on 
which,  and  on  the  eduction  trunnions  connected  with 
the  pipe  h,  the  cylinders  oscillate.  In  Jig,  15.  n  n 
are  pumps,  the  pistons  of  which  are  attached  to  the 
trunnions,  and  are  worked  by  the  oscillation  of  the 
cylinders ;  o,  in  the  same  figure,  is  the  waste  water 
pipe,  through  which  is  discharged  overboard  the 
whole  of  the  water  lifted  out  of  the  condenser  by  the 
air  pump,  except  that  small  portion  employed  for 
feeding  the  boiler. 

120,  Q, — By  what  species  of  mechanism  are  the  po- 
ntions  of  the  paddle  floats  of  this  vessel  governed  ? 

A. — The  floats  are  supported  by  spurs  projecting 
from  the  rim  of  the  wheel,  and  they  are  moved  upon 
the  points  of  the  spurs,  to  which  they  are  attached 
by  pins,  by  means  of  short  levers  proceeding  from 
the  backs  of  the  floats,  and  connected  to  rods  which 
proceed  towards  the  centre   of  the   wheel.      The 
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Oscillating  Marimb  Enoinbs.    By  Messrs.  Reanie. 
Longitudinal  Section  through  Vessel 

centre,  however,  to  which  these  rods  proceed  is  not 
concentric  with  the  wheel,  and  the  rods,  therefore, 
are  moved  in  and  out  as  the  wheel  revolves,  and  im- 
part a  corresponding  motion  to  the  floats.  In  some 
feathering  wheels  the  proper  motion  is  given  to  Jihe 
rods  bj  means  of  an  eccentric  on  the  ship's  side. 
The  action  of  paddle  wheels,  whether  radial  or  fea- 
thering, will  be  more  fully  described  in  the  chapter 
on  Steam  Navigation. 


SCREW   ENGINES. 


121.  Q. — What  are  the  principal  varieties  of  screw 
engines  ? 
A,  —  The  engines  employed  for  the  propulsion  of 
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screw  vessels  are  divided  into  two  great  classes, — 
geared  engines  and  direct  acting  engines  ;  and  each 
of  these  classes  again  has  many  varieties.  In  screw 
vessels,  the  shaft  on  which  the  screw  is  set  requires 
to  revolve  at  a  much  greater  velocity  than  is  required 
in  the  case  of  the  paddle  shaft  of  a  paddle  vessel ; 
and  in  geared  engines  this  necessary  velocity  of  ro- 
tation is  obtained  by  the  intervention  of  toothed 
wheels, — the  engines  themselves  moving  with  the  usual 
velocity  of  paddle  engines ;  whereas  in  direct  acting 
engines  the  required  velocity  of  rotation  is  obtained 
by  accelerating  the  speed  of  the  engines,  and  which 
are  connected  immediately  to  the  screw  shaft. 

122.  Q.  —  Will  you  describe  some  of  the  principal 
varieties  of  geared  engines  ? 

A,  —  A  good  many  of  the  geared  engines  for  screw 
vessels  are  made  in  the  same  manner  as  land  engines, 
Avith  a  beam  overhead,  which  by  means  of  a  connect- 
ing rod  extending  downwards,  gives  motion  to  the 
crank  shaft,  on  which  is  set  the  cog  wheels  which 
give  motion  to  pinions  on  the  screw  shaft, — the  teeth 
of  the  wheels  being  generally  of  wood  and  the  teeth 
of  the  pinions  of  iron.  There  are  usually  several 
wheels  on  the  crank  shaft  and  several  pinions  on  the 
8crew  shaft ;  but  the  teeth  of  each  do  not  run  in  the 
same  line,  but  are  set  a  little  in  advance  of  one 
another,  so  as  to  divide  the  thickness  of  the  tooth  into 
as  many  parts  as  there  are  independent  wheels  or 
pinions.  By  this  arrangement  the  wheels  work  more 
smoothly  than  they  would  otherwise  do. 

123.  Q-  —  What  other  forms  are  there  of  geared 
screw  engines  ? 
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^.  —  In  some  cases  the  cylinders  lie  on  their  sides 
in  the  manner  of  the  cylinders  of  a  locomotive  engine 
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la  Other  cases  vertical  trunk  engines  are  emplojed ; 
and  in  other  cases  vertical  oscillating  engines. 

124.  Q.  —  Will  70Q  give  an  example  of  a  geared 
vertical  oscillating  engine  ? 

A,  —  I  will  give  as  an  example  of  this  species  of 
engine,  the  geared  oscillating  engines  of  the  steam- 
ship Great  Britain,  constructed  bj  Messrs.  John  Penn 
and  Son,  and  which  are  represented  in^.  16.  These 
engines  in  all  their  main  features,  except  in  the  use 
of  gearing,  are  identical  in  construction  with  the  08« 
cillating  paddle  engines  of  the  same  makers.  The 
names  of  the  principal  parts  of  the  engine  being 
written  upon  them,  anj  detailed  description  of  the 
engine  is  not  required.  The  engines  of  the  Great 
Britain  are  made  off  the  same  patterns  as  the  paddle 
engines  constructed  bj  Messrs.  John  Penn  and  Son 
for  H.M.S.  Sphinx.  The  diameter  of  each  cylinder 
is  82^  inches,  the  length  of  travel  or  stroke  of  the 
piston  is  6  feet,  and  the  nominal  power  is  600  horses. 
The  Great  Britain  is  of  3600  tons  burden,  and  her 
displacement  at  16  feet  draught  of  water  is  2970  tons. 
The  diameter  of  the  screw  is  16^  feet,  length  of  screw 
in  the  line  of  the  shaft  3  feet  2  inches,  and  the  pitch 
of  the  screw  19  feet. 

126.  Q.  —  What  do  you  mean  by  the  pitch  of  the 
screw? 

A.  —  A  screw  propeller  may  be  supposed  to  be  a 
short  piece  cut  off  a  screw  of  large  diameter  like  a 
spiral  stair,  and  the  pitch  of  a  spiral  stair  is  the  ver« 
tical  height  from  any  given  step  to  the  step  imme- 
diately overhead. 

126i   Q.  —  What  is  the  usual  number  of  arms  ? 
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A* ..  Grenerallj  a  screw  has  two  arms,  but  some** 
times  it  has  three  or  more.  The  Great  Britain  had 
thre6  arms  or  twisted  blades  resembling  the  vanes  of 
a  windmill.  The  multiple  of  the  gearing  in  the  Great 
Britain  is  8  to  1,  and  there  are  17^  square  feet  of 
heating  surface  in  the  boiler  for  each  nominal  horse 
power.  The  crank  shaft  being  put  into  motion  by 
the  engine,  carries  round  with  it  the  great  cog  wheel, 
or  aggregation  of  cog  wheels,  affixed  to  its  extremity ; 
and  these  wheels  acting  on  suitable  pinions  on  the 
screw  shaft,  cause  the  screw  to  make  three  revolations 
for  every  revolution  made  by  the  engine. 

127.  Q.  —  What  are  the  principal  varieties  of 
direct  acting  screw  engines  ? 

A,  —  In  some  cases  four  engines  have  been  em* 
ployed  instead  of  two,  and  the  cylinders  have  been 
laid  on  their  sides  on  each  side  of  the  screw  shaft. 
This  multiplication  of  engines  however  introduces 
needless  complication,  and  is  now  but  little  used.  In 
other  cases  two  inverted  cylinders  are  set  above  the 
screw  shaft  on  appropriate  framing ;  and  connecting 
rods  attached  to  the  ends  of  the  piston  rods  turn 
round  cranks  in  the  screw  shaft. 

128.  Q.  —  What  is  the  kind  of  direct  acting  screw 
engine  employed  by  Messrs.  Penn. 

A.  —  It  is  a  horizontal  trunk  engine,  and  is  repre- 
sented in  section  in  Jig,  17.  In  this  engine  a  round 
pipe  called  a  trunk  penetrates  the  piston,  to  which  it 
is  fixed,  being  in  fact  cast  in  one  piece  with  it ;  and 
the  trunk  also  penetrates  the  top  and  bottom  of  the 
cylinder,  through  which  it  moves,  and  is  made  light 
therein  by  means  of  stuffing  boxes.     Tlie  connecting 
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rod  is  attached  at  one  end  to  a  pin  fixed  in  the  middlo 
of  the  trunk,  while  the  other  end  engages  the  crank 


.* 


in  the  usual  manner,     'the  air  pump  is  set  within  th( 
condenser^  and  is  wrought  bj  a  rod  which  is  fixed  to 
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the  piston  and  derives  its  motion  therefrom.  The 
air  pump  is  of  that  species  which  is  called  double- 
acting.  The  piston  or  bucket  is  formed  without  valves 
in  it,  but  an  inlet  and  outlet  valve  is  fixed  to  each 
end  of  the  pump,  through  the  one  of  which  the  water 
is  drawn  into  the  pump  barrel,  and  through  the  other 
of  which  it  is  expdled  into  the  hot  welL 


THE  LOCOMOTIVE  ENGINE. 

129.  Q.  — Will  you  describe  the  more  important 
features  of  the  locomotive  engine  ? 

A,  —  The  locomotive  employed  to  draw  carri- 
ages upon  railways,  consists  of  a  cylindrical  boiler 
filled  with  brass  tubes,  through  which  the  hot  air 
passes  on  its  progress  from  the  furnace  to  the  chim- 
ney; and  attached  to  the  boiler  are  two  horizontal 
cylinders  fitted  with  pistons,  valves,  connecting  rods, 
and  other  necessary  apparatus  to  enable  the  power 
exerted  by  the  pistons  to  turn  round  the  cranked  axle 
to  which  the  driving  wheels  are  attached.  There 
are,  therefore,  two  independent  engines  entering  into 
the  composition  of  a  locomotive,  the  cranks  of  which 
are  set  at  right  angles  with  one  another,  so  that  when 
one  crank  is  at  its  dead  point,  the  other  crank  is  in  a 
position  to  act  with  its  maximum  efiicacy.  The 
driving  wheels  which  are  fixed  on  the  crank  shaft 
and  turn  round  with  it,  propel  the  locomotive  forward 
on  the  rails  by  the  mere  adhesion  of  friction,  and  this 
is  found  sufficient  not  merely  to  move  the  locomotivei 
but  to  draw  a  long  train  of  carriages  behind  it. 


lOCOMOTITES  ALWAYS   HIGH  PRESSURE.  81 

130.  Q.  —  Are  locomotive  engines  condensing  or 
'  high  pressure  engines. 

A, — They  are  invariably  high  pressure  engines, 
as  it  would  be  impossible,  or  at  least  highly  incon- 
venient, to  carry  the  water  necessary  for  the  purpose 
of  condensation.  The  steam,  therefore,  after  it  has 
urged  the  piston  to  the  end  of  the  stroke,  escapes 
into  the  atmosphere.  In  locomotive  engines  the 
waste  steam  is  always  discharged  into  the  chimney 
through  a  vertical  pipe,  and  by  its  rapid  passage  it 
greatly  increases  the  intensity  of  the  draught  in  the 
chimney,  whereby  a  smaller  fire  grate  suffices  for  the 
combustion  of  the  fuel,  and  the  evaporative  power  of 
the  boiler  is  much  increased. 

131.  Q. — Can  you  give  an  example  of  a  locomo- 
tiYe  engine  of  the  usual  form. 

A,  —  To  do  this  I  will  take  the  example  of  one  of 
Stephenson's  locomotive  engines  with  six  wheels  re- 
presented in^;^.  18.;  —  not  one  of  the  most  modern 
construction  now  in  use,  iM)r  yet  one  of  the  most 
antiquated,  a  is  the  cylinder,  b  the  connecting  rod, 
c  the  crank,  d  the  eccentric  by  which  the  slide 
valve  is  moved  ;  eeei^  the  steam  pipe  by  which  the 
steam  is  conducted  from  the  steam  dome  of  the  boiler 
to  the  cylinder.  Near  the  furnace  end  of  this  pipe  is 
a  valve  or  regulator  moved  by  a  handle  at  the  front 
of  the  boiler,  and  of  which  the  purpose  is  to  regulate 
the  admission  of  the  steam  to  the  cylinder ;  //are 
safety  valves  kept  closed  by  springs  ;  g  is  the  educ- 
tion pipe,  or,  as  it  is  commonly  termed  in  locomotives, 
the  blast  pipe^  by  which  the  steam,  escaping  from  the 
cylinder  after  the  stroke  has  been  performed,  is  pro* 
Q 
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jected  up  the  chimnej  h.  The  water  in  the  boiler  of 
course  covers  the  tubes,  and  also  the  top  of  the  fur- 
nace or  fire  box.  The  position  of  the  water  surface 
is  shown  bj  a  dotted  line.  It  will  be  understood  that 
there  are  two  engines  in  each  locomotiTe,  though, 
from  the  figure  being  given  in  section,  only  one 
engine  can  be  shown.  The  cylinders  of  this  engine 
are  each  12  inches  diameter ;  the  length  of  the  stroke 
of  the  piston  is  18  inches,  and  the  diameter  of  the 
driving  wheel  is  5  feet. 

1 32.  C2.  — ^What  is  the  tender  of  a  locomotive  ? 

^.  — It  is  a  carriage  attached  to  the  locomotive,  of 
which  the  purpose  is  to  contain  coke  for  feeding  the 
furnace,  and  water  for  replenishing  the  boiler. 

133.  Q.  —  Can  you  give  examples  of  modem  loco- 
motives ? 

A, — The  most  recent  locomotives  resemble  in  their 
material  features  the  locomotive  represented  in^.  18. 
I  can,  however,  give  examples  of  some  of  the  most 
powerful  engines  of  common  construction.    Fig,  19. 

Fig.  19. 
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represents  Gooch's  express  engine  adapted  for  the 
wide  gauge  of  the  Great  "Western  Railway;  and^^. 
20.  represents   Crampton's  express   engine  adapted 

Fig.  20. 


Crampton's  Locomotivb  Emgimb  ;  for  the  Narrow  Gauge. 


for  the  ordinary  or  narrow  gauge  railways.  The 
cylinders  of  Gooch*8  engine  are  each  18  inches  dia- 
meter, and  24  inches  stroke  ;  the  driving  wheels  are 
8  feet  in  diameter  ;  the  fire  grate  contains  21  square 
feet  of  area ;  and  the  heating  surface  of  the  fire  box  is 
153  square  feet  There  are  in  all  305  tubes  in  the 
boiler,  each  of  2  inches  diameter,  giving  a  heating 
surface  in  the  tubes  of  1799  square  feet.  The  total 
heating  surface,  therefore,  is  1952  square  feet.  Mr. 
Gooch  states  that  an  engine  of  this  class  will  eva- 
porate from  300  to  360  cubic  feet  of  water  in  the 
hour,  and  will  convey  a  load  of  236  tons  at  a  speed 
of  40  miles  an  hour,  or  a  load  of  181  tons  at  a  speed 
of  60  miles  an  hour.  The  weight  of  this  engiae 
empty  is  31  tons ;  of  the  tender  8^  tons ;  and  the  total 
weight  of  the  engine  when  loaded  is  50  tons.  Iii 
Crampton's  locomotive,  the  Liverpool,  the  cylinders 
are  of  24  inches  diameter  and  18  inches  stroke ;  the 
driving  wheels  are  8  feet  in  diameter ;  the  fire  grate 
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contains  21^  square  feet  of  8(rea;  and  the  heating 
surface  of  the  fire  box  is  154  square  feet.  There  are 
in  all  300  tubes  in  the  boiler  of  2-^^  inches  external 
diameter,  giving  a  surface  in  the  tubes  of  2136  square 
feet,  and  a  total  heating  surface  of  2290  square  feet. 
The  weight  of  this  engine  is  stated  to  be  35  tons 
when  ready  to  proceed  on  a  journey.  Both  engines 
were  displayed  at  the  Great  Exhibition  in  1851,  as 
examples  of  the  most  powerful  locomotive  engines 
then  made.  The  weight  of  such  engines  is  very  in* 
jurious  to  the  railway;  bending,  crushing,  and  dis* 
torbing  the  rails,  and  trying  very  severely  the  whole 
of  the  railway  works.  No  doubt  the  weight  might  be 
distributed  upon  a  greater  number  of  wheels,  but  if  the 
weight  resting  on  the  driving  wheels  be  much  re- 
duced, they  will  not  have  sufficient  bite  upon  the 
rails  to  propel  the  train  without  slipping.  This, 
however,  is  only  one  of  the  evils  which  the  demand 
for  high  rates  of  speed  has  produced.  The  width  of 
the  railway  or,  as  it  is  termed,  the  gauge  of  the  rails, 
being  in  most  of  the  railways  in  this  kingdom  limited 
to  4  feet  8^  inches,  a  corresponding  limitation  is 
imposed  on  the  diameter  of  the  boiler ;  which  in  its 
turn  restricts  the  number  of  the  tubes  which  can  be 
employed.  As,  however,  the  attainment  of  a  high 
rate  of  speed  requires  much  power,  and  consequently 
much  heating  surface  in  the  boiler,  and  as  the  number 
of  tubes  cannot  be  increased  without  reducing  their 
diameter,  it  has  become  necessary,  in  the  case  of 
powerful  engines,  to  employ  tubes  of  a  small  diameter, 
and  of  a  great  length,  to  obtain  the  necessary  quan- 
tity of  heating  surface ;  and  such  tubes  require  a  very 
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Strong  draught  in  the  ohimnejto  make  them  effective. 
With  a  draught  of  the  usual  intensitj  the  whole  of 
the  heat  will  be  absorbed  in  the  portion  of  the  tube 
nearest  the  fire  box, — ^leaving  that  portion  nearest  the 
smoke  box  nothing  to  do  but  to  transmit  the  smoke  ; 
and  with  long  tubes  of  small  diameter,  therefore,  a 
very  strong  draught  is  indispensable.  To  obtain 
such  a  draught  in  locomotives,  it  is  necessary  to 
contract  the  mouth  of  the  blast  pipe,  whereby  the 
waste  steam  will  be  projected  into  the  chimney  with 
greater  force;  but  this  contraction  involves  an  in- 
crease of  the  pressure  on  the  eduction  side  of  the 
piston,  and  consequently  causes  a  diminution  in  the 
power  of  the  engine.  Locomotives  with  small  and 
long  tubes,  therefore,  will  require  more  coke  to  do 
the  same  work  than  locomotives  in  which  larger  and 
shorter  tubes  may  be  employed 
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HEAT^  COMBUSTION^  AND  STEAM. 


BEAT. 

134.  Q.— What  is  meant  by  latent  heat  ? 

A. — By  latent  heat  is  meant  the  heat  existing  in 
bodies  which  is  not  discoverable  hj  the  touch  or  by 
the  thermometer,  but  which  manifests  its  existence  by 
producing  a  change  of  state.  Heat  is  absorbed  in  the 
liquefaction  of  ice,  and  in  the  vaporisation  of  water, 
jet  the  temperature  does  not  rise  during  either  process, 
and  the  heat  absorbed  is  therefore  said  to  become 
latent.  The  term  is  somewhat  objectionable,  as  the 
effect  proper  to  the  absorption  of  heat  has  in  each  case 
been  made  visible ;  and  it  would  be  as  reasonable  to  call 
hot  water  latent  steam.  Latent  heat,  in  the  present 
acceptation  of  the  term,  means  sensible  liquefaction  or 
vaporisation ;  but  to  produce  these  changes  heat  is  as 
necessary  as  to  produce  the  expansion  of  mercury  in  a 
thermometer  tube,  which  is  tfLken  as  the  measure  of 
temperature ;  and  it  is  hard  to  see  on  what  ground  heat 
can  be  said  to  be  latent  when  its  presence  is  made 
manifest  by  changes  which  only  heat  can  effect  It  is 
the  temperature  only  that  is  latent,  and  latent  tem- 
perature means  sensible  vaporisation  or  liquefaction. 
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135.  Q. — But  when  you  talk  of  the  latent  heat  of 
steam,  what  do  you  mean  to  express  ? 

A. — I  mean  to  express  the  heat  consumed  in  accom- 
plishing the  vaporisation  compared  with  that  necessary 
for  producing  the  temperature.  The  latent  heat  of 
steam  is  usually  reckoned  at  about  1000  degrees,  by 
which  it  is  meant  that  there  is  as  much  heat  in  any 
given  weight  of  steam  as  would  raise  its  constituent 
water  1000  degrees  if  the  expansion  of  the  water 
could  be  prevented,  or  as  would  raise  1000  times  that 
quantity  of  water  one  degree.  The  boiling  point  of 
water  being  212  degrees,  is  180  degrees  above  the 
freezing  point  of  water — the  freezing  point  being  32 
degrees;  so  that  it  requires  1180  times  as  much 
heat  to  raise  1  lb.  of  water  into  steam,  as  to  raise  I  lb. 
of  water  one  degree;  or  it  requires  about  as  much 
heat  to  raise  a  pound  of  boiling  water  into  steam  as 
would  raise  6^  lbs.  of  water  from  the  freezing  to  the 
boiling  point;  5^  multiplied  by  180  being  990,  or  1000 
nearly. 

136.  Q.  — When  it  is  stated  that  the  latent  heat  of 
steam  is  1000  degrees,  it  is  only  meant  that  this  is  a 
rough  approximation  to  the  truth  ? 

A. — Precisely  so.  The  latent  heat,  in  point  of  fact, 
is  not  uniform  at  all  temperatures,  neither  is  the  total 
amount  of  heat  the  same  at  all  temperatures.  M. 
Regnault  has  shown,  by  a  very  elaborate  series  of  ex- 
periments on  steam,  which  he  has  lately  concluded, 
that  the  total  heat  in  steam  increases  somewhat  with 
the  pressure,  and  that  the  latent  heat  diminishes 
somewhat  with  the  pressure*  This  will  be  made 
obvious  by  the  following  numbers : — 
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Fressars. 

Temperature. 

Total  Heat. 

Lfttent  Heat. 

ISihs. 

213-10 

1178-9<^ 

965-8<^ 

50 

281-0 

1199-6 

918-6 

100 

327-8 

1213-9 

886-1 

If,  then,  steam  of  100  lbs.  be  expanded  down  to 
steam  of  16  lbs.,  it  will  have  35  degrees  of  heat  over 
that  which  is  required  for  the  maintenance  of  the 
vaporous  state,  or,  in  other  words,  it  will  be  sur- 
charged with  heat. 

137.  Q. — ^What  do  you  understand  by  specific  heat  ? 
A,  —  By  specific  heat,  I  understand  the   relative 

quantities  of  heat  in  bodies  at  the  same  temperature, 
just  as  by  specific  gravity  I  understand  the  relative 
quantities  of  matter  in  bodies  of  the  same  bulk.  Equal 
weights  of  quicksilver  and  water  at  the  same  tempera- 
ture do  not  contain  the  same  quantities  of  heat,  any 
more  than  equal  bulks  of  those  liquids  contain  the 
same  quantity  of  matter.  The  absolute  quantity  of 
heat  in  any  body  is  not  known  ;  but  the  relative  heat 
of  bodies  at  the  same  temperature,  or  in  other  words 
their  specific  heats,  have  been  ascertained  and  arranged 
in  tables,  —  the  specific  heat  of  water  being  taken  as 
unity. 

138.  Q.  —  In  what  way  does  the  specific  heat  of  a 
body  enable  the  quantity  of  heat  in  it  to  be  deter- 
mined ? 

A.  —  If  any  body  has  only  half  the  specific  heat  of 
water,  then  a  pound  of  that  body  will,  at  any  given 
temperature,  have  only  half  the  heat  in  it  that  is  in  a 
pound  of  water  at  the  same  temperature.  The  spe- 
cific heat  of  air  is  *2377,  that  of  water  being  1 ;  or  it 
is  4-207  times  less  than  that  of  water.    An  amount  of 
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hoat,  therefore,  which  would  raise  a  pound  of  water 
1  d^ree  would  raise  a  pound  of  air  4*207  d^rees. 


COHBX78TIOK. 

139.  Q. — What  is  the  nature  of  combustion  ? 

A. — Combustion  is  nothing  more  than  an  energetic 
chemical  combination,  or,  in  other  words,  it  is  the 
mutual  neutralisation  of  opposing  electricities.  When 
coal  is  brought  to  a  high  temperature  it  acquires  a 
strong  affinitj  for  oxygen,  and  combination  with 
oxygen  will  produce  more  than  sufficient  heat  to  main- 
tain the  original  temperature ;  so  that  part  of  the  heat 
is  rendered  applicable  to  other  purposes. 

1 40.  Q. — Does  air  consist  of  oxygen  ? 

A, — Air  consists  of  oxygen  and  nitrogen  mixed  to- 
geth^  in  the  proportion  of  3*29  lbs.  of  nitrogen  to  lib. 
of  oxygen.  Every  pound  of  coal  requires  about  2'66 
lbs.  of  oxygen  for  its  saturation,  and  therefore  for 
every  pound  of  coal  burned  8*75  pounds  of  nitrogen 
must  pass  through  the  fire,  supposing  all  the  oxygen 
to  enter  into  combination.  In  practice,  however,  this 
perfection  of  combination  does  not  exist:  from  one- 
third  to  one-half  of  the  oxygen  will  pass  through  the 
fire  without  entering  into  combination  at  all ;  so  that 
from  16  to  18  lbs.  of  air  are  required  for  every  pound 
of  coal  burned.  18  lbs.  of  air  are  about  240  cubic  feet, 
which  may  be  taken  as  the  quantity  of  air  required 
for  the  combustion  of  a  pound  of  coal  in  practice. 

141.  Q. —  What  are  the  constituents  of  coal  ? 

A, — The  chief  constituent  of  coal  is  carbon  or  pure 
charcoal,  which  is  associated  in  various  proportions 
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with  volatile  and  earthy  matters.  English  coal  contains 
80  to  90  per  cent«  of  carbon,  and  from  8  to  18  per  cent, 
of  volatile  and  earthy  matters,  bat  sometimes  more 
than  this.  The  volatile  matters  are  hydrogen,  nitro* 
gen,  oxygen,  and  snlphnr. 

142.  Q. — ^What  is  the  difference  between  anthracite 
and  bituminous  coal  ? 

A, —  Anthracite  consists  almost  entirely  of  carbon, 
having  91  per  cent,  of  carbon,  with  about  7  per  cent, 
of  volatile  matter  and  2  per  cent,  of  ashes.  Newcastle 
coal  contains  about  83  per  cent,  of  carbon,  14  per  cent, 
of  volatile  matter,  and  3  per  cent  of  ashes. 

143.  Q. —  Will  you  recapitulate  the  steps  by  which 
you  determine  the  quantity  of  air  required  for  the 
combustion  of  coal  ? 

A — Looking  to  the  quantity  of  oxygen  required  to 
unite  chemically  with  the  various  constituents  of  the 
coal,  we  find  for  example  that  in  100  lbs.  of  anthracite 
coal,  consisting  of  91*44  lbs.  of  carbon,  and  3*46  lbs.  of 
hydrogen,  we  shall  for  the  91*44  lbs.  of  carbon  require 
248*84  lbs.  of  oxygen — since  to  saturate  a  pound  of 
carbon  by  the  formation  of  carbonic  acid,  requires  2f 
lbs.  of  oxygen.  To  saturate  a  pound  of  hydrogen  in 
the  formation  of  water,  requires  8  lbs.  of  oxygen ;  hence 
3-46  lbs.  of  hydrogen  will  take  27*68  lbs.  of  oxygen  for 
its  saturation.  If  then  we  add  243*84  lbs.  to  27*68  lbs. 
we  have  271*52  lbs.  of  oxygen  required  for  the  com- 
bustion of  100  lbs.  of  coal.  A  given  weight  of  air 
contains  nearly  23*32  per  c*ent.  of  oxygen;  hence  to 
obtain  271*52  lbs.  of  oxygen,  we  must  have  about  four 
times  that  quantity  of  atmospheric  air,  or  more  accu- 
rately, 1164  lbs.  of  air  for  the  combustion  of  100  lbs. 


92  EVAPORATITE  EFFICACY  OF   COAL, 

of  coal.  A  cubic  foot  of  air  at  ordinary  temperatures 
weighs  about  '075  lbs ;  so  that  100  lbs.  of  coal  require 
15,624  cubic  feet  of  air,  or  1  lb.  of  coal  requires 
about  155  cubic  feet  of  air,  supposing  every  atom  of 
the  oxygen  to  enter  into  combination.  If  then,  from 
one- third  to  one-half  of  the  air  passes  unconsumed 
through  the  fire,  an  allowance  of  240  cubic  feet  of  air  for 
each  pound  of  coal  will  be  a  small  enough  allowance  to 
answer  the  requirements  of  practice,  and  in  some  cases 
as  much  as  320  cubic  feet  will  be  required, — ^the  differ- . 
ence  depending  mainly  on  the  peculiar  configuration  of 
the  furnace. 

144.  Q. — Can  you  state  the  evaporative  efficacy  of 
a  pound  of  coal  ? 

A. — The  evaporative  efficacy  of  a  pound  of  carbon 
has  been  found  experimentally  to  be  equivalent  to 
that  necessary  to  raise  14,000  lbs.  of  water  through  1 
degree,  or  14  lbs.  of  water  through  1000  degrees, 
supposing  the  whole  heat  generated  to  be  absorbed 
by  the  water.  Now,  if  the  water  be  raised  into  steam 
from  a  temperature  of  60^  then  1118-9''  of  heat  will 
have  to  be  imparted  to  it  to  convert  it  into  steam  of 
15  lbs.  pressure  per  square  inch.  14,000-^1118*9= 
12*512  lbs.  will  be  the  number  of  pounds  of  water, 
therefore,  which  a  pound  of  carbon  can  raise  into 
steam  of  15  lbs.  pressure  from  a  temperature  of  GO''. 
This,  however,  is  a  considerably  larger  result  than 
can  be  expected  in  practice. 

145.  Q.— Then  what  is  the  result  that  may  be 
expected  in  practice  ? 

A,  —  The  evaporative  powers  of  different  coals 
appear  to  be  nearly  proportional  to  the  quantity  of 


COKE,   WOOD,   AND   TUKF.  93 

carbon  in  them  ;  and  bituminous  coal  is,  therefore, 
less  efficacious  than  coal  consisting  chiefly  of  pure 
carbon.  A  pound  of  the  best  Welsh  or  anthracite 
coal  is  capable  of  raising  from  9^  to  10  lbs.  of  water 
from  212^  into  steam,  whereas  a  pound  of  the  best 
Newcastle  is  not  capable  of  raising  more  than  about 
8^  lbs.  of  water  from  212^  into  steam ;  and  inferior 
coab  will  not  raise  more  than  6^  lbs.  of  water  into 
steam.  In  America  it  has  been  found  that  1  lb.  of  the 
best  coal  is  equal  to  2^  lbs.  of  pine  wood,  or,  in  some 
cases,  to  3  lbs. ;  and  a  pound  of  pine  wood  will  not 
usually  evaporate  more  than  about  2^  lbs.  of  water, 
though,  bj  careful  management^  it  may  be  made  to 
evaporate  4^  lbs.  Turf  will  generate  rather  more 
steam  than  wood.  Coke  is  equal  or  somewhat  supe- 
rior to  the  best  coal  in  evaporative  effect 

146.  Q.  —  How  much  water  will  a  pound  of  coal 
raise  into  steam  in  ordinary  boilers  ? 

A. — From  6  to  8  lbs.  of  water  in  the  generality  of 
land  boilers  of  medium  quality,  the  difference  depend- 
ing on  the  kind  of  boiler,  the  kind  of  coal,  and  other 
circumstances.  Mr*  Watt  reckoned  his  boilers  as 
capable  of  evaporating  10O8  cubic  feet  of  water  with 
a  bushel,  or  84  lbs.  of  Newcastle  coal,  which  is  equi- 
valent to  7^  lbs.  of  water  evaporated  by  1  lb.  of  coaL 
and  this  may  be  taken  as  the  performance  of  common 
land  boilers  at  the  present  time.  In  some  of  the 
Cornish  boilers,  however,  a  pound  of  coal  raises  11*8 
lbs.  of  boiling  water  into  steam,  or  a  cwt.  of  coal 
evaporates  about  21  cubic  feet  of  water  from  212^. 

147.  Q. — What  method  of  firing  ordinary  furnaces  is 
the  best? 
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A. — ^The  coals  should  be  broken  up  into  small  pieces, 
and  sprinkled  thinly  and  evenly  over  the  fire  a  little  at  a 
time.  The  thickness  of  the  stratum  of  coal  upon  the 
grate  should  depend  upon  the  intensity  of  the  draughtr 
in  ordinary  land  or  marine  boilers  it  should  be  thin, 
whereas  in  locomotive  boilers  it  requires  to  be  much 
thicker.  If  the  stratum  of  coal  be  thick  while  the 
draught  is  sluggish,  the  carbonic  acid  resulting  from 
combustion  combines  with  an  additional  atom  of  carbon, 
in  passing  through  the  fire,  and  is  converted  into  car- 
bonic oxide,  which  may  be  defined  to  be  invisible  smoke 
as  it  carries  off  a  portion  of  the  fuel:  if,  on  the  contrary 
the  stratum  of  coal  be  thin  while  the  draught  is  very 
rapid,  an  injurious  refrigeration  is  occasioned  by  the 
excess  of  air  passing  through  the  furnace.  The  fire 
should  always  be  spread  of  uniform  thickness  over  the 
bars  of  the  grate,  and  should  be  without  any  holes  or  nn- 
covered  places,  which  greatly  diminish  the  effect  of  the 
fuel  by  the  refrigeratory  action  of  the  stream  of  cold  air 
which  enters  thereby.  A  wood  fire  requires  to  be  about 
6  inches  thicker  than  a  coal  one,  and  a  turf  fire  requires 
to  be  3  or  4  inches  thicker  than  a  wood  one,  so  that  the 
furnace  bars  must  be  placed  lower  where  wood  or  turf 
is  burned,  to  enable  the  surface  of  the  fire  to  be  at  the 
same  distance  from  the  bottom  of  the  boiler. 

148.  Q. — Is  a  slow  or  a  rapid  combustion  the  most 
beneficial  ? 

A. —  A  slow  combustion  is  found  by  experiment  to 
give  the  best  results  as  regards  economy  of  fuel,  and 
theory  tells  us  that  the  largest  advantage  will  neoea* 
sarily  be  obtained  where  adequate  time  has  beea 
afforded  for  a  complete  combination  of  the  constituent 
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atoms  of  the  oombostible^  and  the  supporter  of  com- 
bustion. In  manj  of  the  cases^  however,  which  occur 
in  practice,  a  slow  combustion  is  not  attainable ;  but 
the  tendencies  of  slow  combustion  are  both  to  save  the 
fuel,  and  to  bum  the  smoke. 

149.  Q.  —  Is  not  the  combustion  in  the  furnaces  of 
the  Cornish  boilers  very  slow  ? 

A. — Yes,  very  slow ;  and  there  is  in  consequence 
verx  little  smoke  evolyed.  The  coal  used  in  Cornwall 
is  Welsh  coal,  which  evolves  but  little  smoke,  and  is 
therefore  more  favourable  for  the  success  of  a  smokeless 
furnace;  but  in  the  manufacturing  districts,  where  the 
coal  is  more  bituminous^  it  is  found  that  smoke  maj  be 
almost  whoUj  prevented  bj  careful  firing  and  by  the 
use  of  a  large  capacity  of  furnace. 

150.  Q. — Do  jou  consider  slow  combustion  to  be  an 
advisable  thing  to  practise  in  steam  vessels  ? 

A. —  No,  I  do  not  When  the  combustion  is  slow, 
the  heat  in  the  furnaces  and  fines  is  less  intense,  and  a 
larger  amount  of  heating  surface  consequently  becomes 
necessary  to  absorb  the  heat.  In  locomotives  where 
the  heat  of  the  furnace  is  very  intense,  there  will  be 
the  same  economy  of  fuel  with  an  allowance  of  5  or  6 
square  feet  of  surface  to  evaporate  a  cubic  foot  of  water 
as  in  common  marine  boilers  with  10  or  12. 

151.  Q. — What  is  the  method  of  consuming  smoke 
pursued  in  the  manufacturing  districts  ? 

A. — In  Mandiester,  where  some  stringent  regula- 
tions for  the  prevention  of  sinoke  have  for  some  time 
been  in  force,  it  is  found  that  the  readiest  way  of 
burning  the  smoke  is  to  have  a  very  large  proportion 
of  furnace  room,  whereby  slow  combustion  may  be 
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carried  on.  In  some  cases,  too,  a  favourable  result  is 
arrived  at  bj  raising  a  ridge  of  coal  across  the  furnace 
lying  against  the  bridge,  and  of  the  same  height:  this 
ridge  speedily  becomes  a  mass  of  incandescent  coke, 
ivhich  promotes  the  combustion  of  the  smoke  passing 
over  it 

152.  Q. — ^Is  the  method  of  admitting  a  stream  of  air 
into  the  flues  to  bum  the  smoke  regarded  favourably  ? 

A, — No;  it  is  found  to  be  productive  of  injury  to 
the  boiler  by  the  violent  alternations  of  temperature 
it  occasions,  as  at  some  times  cold  air  impinges  on  the 
iron  of  the  boiler,  and  at  other  times  flame, — ^just  as 
there  happens  to  be  smoke  or  no  smoke  emitted  by 
the  furnace.  Boilers,  therefore,  operating  upon  this 
principle,  speedily  become  leaky,  and  are  much  worn 
by  oxidation,  so  that,  if  the  pressure  is  considerable, 
they  are  liable  to  explode.  It  is  very  difficult  to  ap- 
portion the  quantity  of  air  admitted,  to  the  varying 
wants  of  the  fire ;  and  as  air  may  at  some  times  be 
rushing  in  when  there  is  no  smoke  to  consume,  a  loss 
of  heat,  and  an  increased  consumption  of  fuel  may  be 
the  result  of  the  arrangement ;  and,  indeed,  such  is 
the  result  in  practice,  though  a  carefully  performed 
experiment  usually  demonstrates  a  saving  in  fuel  of  10 
or  12  per  cent. 

153.  Q. — What  other  plans  have  been  contrived  for 
obviating  the  nuisance  of  smoke  ? 

A. — They  are  too  various  for  enumeration,  but 
most  of  them  either  operate  upon  the  principle  of  ad- 
mitting  air  into  the  flues  to  accomplish  the  combustion 
of  the  uninflammable  parts  of  the  smoke,  or  seek  to 
attain  the  same  object  by  passing  the  smoke  over  or 
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through  the  fire  or  other  incandegcent  material. 
Some  of  the  plans,  indeed,  profess  to  bum  the  inflam- 
mable gases  as  thej  are  evolved  from  the  coal,  without 
permitting  the  admixture  of  any  of  the  uninflammable 
products  of  combustion  which  enter  into  the  composi- 
tion of  smoke ;  but  this  object  has  been  very  imper- 
fectly fulfilled  in  any  of  the  contrivances  yet  brought 
under  the  notice  of  the  public,  and  in  some  cases  these 
contrivances  have  been  found  to  create  weightier  evils 
than  they  professed  to  relieve. 

154.  Q. — ^You  refer,  I  suppose,  to  Mr.  Charles  Wye 
Williams'  Argand  furnace  ? 

A, — I  chiefly  refer  to  it,  though  I  also  comprehend 
all  other  schemes  in  which  there  is  a  continuous  ad- 
mission of  air  into  the  flues,  with  an  intermittent  ge- 
neration of  smoke. 

155.  Q. — This  is  not  so  in  Prideaux's  furnace  ? 
A.  —  No ;  in  that  furnace  the  air  is  admitted  only 

during  a  certain  interval,  or  for  so  long,  in  fact^  as 
there  is  smoke  to  be  consumed. 

156.  Q.  —  Will  you  explain  the  chief  peculiarities 
of  that  furnace  ? 

A,  —  The  whole  peculiarity  is  in  the  furnace  door, 
which  is  represented  shut  in  fig.  21.  and  open  in  fig, 
22.  The  front  of  the  door  consists  of  metal  Venetians, 
which  are  opened  when  the  top  lever  is  lifted  up^  and 
shut  when  that  lever  descends  to  its  lowest  position. 
When  the  furnace  door  is  opened  to  replenish  the  fire 
with  coals,  the  top  lever  is  raised  up,  and  with  it  the 
piston  of  the  small  cylinder  attached  to  the  side  of  the 
fiimace.  The  Venetians  are  thereby  opened,  and  a 
stream  of  air  enters  the  furnace,  which^  being  heated 
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in  its  passage  among  the  nomerous  heated  plates 
attached  to  the  back  of  the  furnace  door,  as  shown 
in  fig.  22.,  is  in  a  favoarable  condition  for  effect- 
ing the  combustion  of  the  inflammable  parts  of  the 
smoke.  The  piston  in  the  small  cylinder  gradually 
subsides  and  closes  the  Venetians ;  and  the  rate  of 
the  subsidence  of  the  piston  may  obviously  be  re- 
gulated by  a  cock,  or,  as  in  this  case,  a  small  screw 
valve,  so  that  the  Venetians  shall  just  close  when  there 
is  no  more  smoke  to  be  consumed  ;  — the  air  or  other 
fluid  within  the  cylinder  being  forced  out  by  the 
piston  in  its  descent. 

157.  Q. — Had  Mr.  Watt  any  method  of  consuming 
smoke  ? 

A. — He  tried  various  methods,  but  eventually  fixed 
upon  the  method  of  coking  the  coal  on  a  dead  plate  at 
the  furnace  door,  before  pushing  it  into  the  fire.  That 
method  is  perfectly  effectual  where  the  combustion  is 
so  slow  that  the  requisite  time  for  coking  is  allowed, 
and  it  is  much  preferable  to  any  of  the  methods  of 
admitting  air  at  the  bridge  or  elsewhere,  to  accomplish 
the  combustion  of  the  inflammable  parts  of  the  smoke. 

158.  Q.— What  are  the  details  of  Mr.  Watt's  ar- 
rangement as  now  employed  ? 

A, —  The  fire  bars  and  the  dead  plate  are  both  set 
at  a  considerable  inclination,  to  facilitate  the  advance 
of  the  fuel  into  the  furnace.  In  Boulton  and  Watt's  30 
horse  power  land  boiler,  the  dead  plate  and  the  furnace 
bars  are  both  about  4  feet  long,  and  they  are  set  at  the 
angle  of  30  degrees  with  the  horizon. 

159.  Q. —  Is  the  use  of  the  dead  plate  universally 
adopted  in  Boulton  and  Watt's  land  boilers  ? 
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A. — It  is  generally  adopted,  but  in  some  cases 
Boulton  and  Watt  have  substituted  the  plan  of  a  re- 
volving grate  for  consuming  the  smoke,  and  the  dead 
plate  then  becomes  both  superfluous  and  inapplicable. 
In  this  contrivance  the  fire  is  replenished  with  coals 
by  a  self-acting  mechanism. 

160.  Q. — Will  you  explain  the  arrangement  of  the 
revolving  grate  ? 

A. — The  fire  grate  is  made  like  a  round  table  ca- 
pable of  turning  horizontally  upon  a  centre ;  a  shower 
of  coal  is  precipitated  upon  the  grate  through  a  slit  in 
the  boiler  near  the  furnace  mouth,  and  the  smoke 
evolved  from  the  coal  dropped  at  the  front  part  of  the 
(ire  is  consumed  by  passing  over  the  incandescent 
fuel  at  the  back  partj  from  which  all  the  smoke  must 
have  been  expelled  in  the  revolution  of  the  grate 
before  it  can  have  reached  that  position. 

161.  Q. — Is  a  furnace  with  a  revolving  grate  appli- 
cable to  a  steam  vessel  ? 

A, — I  see  nothing  to  previent  its  application.  But 
the  arrangement  of  the  boiler  would  perhaps  require 
to  be  changed,  and  it  might  be  preferable  to  combine 
its  use  with  the  employment  of  vertical  tubes,  for  the 
generation  of  the  steam.  The  introduction  of  any 
effectual  automatic  contrivance  for  feeding  the  fire  in 
steam  vessels  would  bring  about  an  important  economy, 
at  the  same  time  that  it  would  give  the  assurance  of 
the  work  being  better  done.  It  is  very  difficult  to  fire 
furnaces  by  hand  effectually  at  sea,  especially  in  rough 
weather  and  in  tropical  climates ;  whereas  machinery 
would  be  unaffected  by  any  such  disturbing  causes, 
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and  would  perform  with  little  expense  the  work  of 
many  men. 

162.  Q. — The  introduction  of  some  mechanical 
method  of  feeding  the  fire  with  coals  would  enable  a 
double  tier  of  furnaces  to  be  adopted  in  steam  vessels 
without  inconvenience  ? 

A. — Yes,  it  would  have  at  least  that  tendency ;  and 
as  the  space  available  for  area  of  grate  is  limited  in  a 
steam  vessel  by  the  width  of  the  vessel,  it  would  be  a 
great  convenience  if  a  double  tier  of  furnaces  could 
be  employed  without  a  diminished  efi*ect.  It  appears 
to  me,  however,  that  the  objection  would  still  remain 
of  the  steam  raised  by  the  lower  furnace  being  cooled 
and  deadened  by  the  air  entering  the  ash-pit  of  the 
upper  fire,  for  it  would  strike  upon  the  metal  of  the 
ash-pit  bottom. 

163.  Q. — Have  any  other  plans  been  devised  for 
feeding  the  fire  by  self-acting  means  besides  that  of  a 
revolving  grate  ? 

A, — Yes,  many  plans,  but  none  of  them,  perhaps,  are 
free  from  an  objectionable  complication.  In  some  ar- 
rangements the  bars  are  made  like  screws,  which  being 
turned  round  slowly,  gradually  carry  forward  the  ooal ; 
while  in  other  arrangements  the  same  object  is  sought 
to  be  attained,  by  alternately  lifting  and  depressing 
every  second  bar  at  the  end  nearest  the  mouth  of  the 
furnace.  In  Juckes'  furnace,  represented  in  fig.  23^ 
the  fire  bars  are  arranged  in  the  manner  of  rows 
of  endless  chains  working  over  a  roller  at  the  month 
of  the  furnace,  and  another  roller  at  the  further  end 
of  the  furnace.  These  rollers  are  put  into  slow  re- 
volution,   and  the   coal  which   is    deposited    at    the 
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moath  of  the  furnace  is  gradaallj  carried  forward 
by  the  motion  of   the    chains  which  act  like    an 
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endless  weh.  The  clinkers  and  ashes  left  af^er  the 
combustion  of  the  coal,  are  precipitated  into  the  ash- 
pit, where  the  chain  turns  down  over  the  roller  at  the 
extremity  of  the  furnace.  In  Messrs.  Maudslays'  plan 
of  a  self-feeding  furnace  the  fire  bars  are  formed  of 
round  tubes,  and  are  placed  transversely  across  the  fur- 
nace. The  ends  of  the  bars  gear  into  endless  screws 
running  the  whole  length  of  the  furnace,  whereby 
motion  is  given  to  the  bars,  and  the  coal  is  thus  car- 
ried gradually  forward.  It  is  very  doubtful  whether  any 
of  these  contrivances  satisfy  all  the  conditions  required 
in  a  plan  for  feeding  furnaces  of  the  ordinary  form  by 
self-acting  means,  but  the  problem  of  providing  a  suit- 
able contrivance,  does  not  seem  difficult  of  accomplish- 
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menty  and  will  no  doubt  be  effected  nnder  adequate 
temptation. 

164.   Q.  —  Have  not  manj  plans  been  already  con 
trived  which  consume  the  smoke  of  furnaces  very 
effectually? 

A.  —  Yes,  many  plans ;  and  besides  those  already 
mentioned  there  are  Hall's,  Coupland's,  Godson's, 
Robinson's,  Stevens's,  Hazcldine's,  Inche's,  Bristow 
and  Attwood's,  and  a  great  number  of  others.  One 
plan,  which  promises  w.ell,  consists  in  making  the 
flame  descend  through  the  fire  bars,  and  the  fire  bars 
are  formed  of  tubes  set  on  an  incline  and  filled  with 
water,  which  water  will  circulate  with  a  rapidity  pro- 
portionate to  the  intensity  of  the  heat*  After  all, 
however,  the  best  remedy  for  smoke  appears  to  consist 
in  removing  from  it  those  portions  which  form  the 
smoke  before  the  coal  is  brought  into  use.  Many 
valuable  products  may  be  got  from  the  coal  by  sub- 
jecting it  to  this  treatment;  and  the  residuum  will 
be  more  valuable  than  before  for  the  production  of 
steam. 


STEAIC 

165.  Q. — Have  experiments  been  made  to  determine 
the  elasticity  of  steam  at  different  temperatures  ? 

A,  —  Yes;  very  careful  experiments.  The  fol- 
lowing rule  expresses  the  results  obtained  by  Mr. 
'Southern :  —  To  the  given  temperature  in  degrees  of 
Fahrenheit  add  51*3  degrees :  from  the  logarithm  of 
the  sum,  subtract  the  logarithm  of  135*767,  which  is 
2*1327940 ;  multiply  the  remainder  by  5*13,  and  to  the 


EXPERIIIENTS  ON  THE  ELASTIC  FOHCE  OF  STEAM.     105 

natural  number  answering  to  the  sum,  add  the  con- 
stant fraction  *1,  which  will  give  the  elastic  force  in 
inches  of  mercury.  If  the  elastic  force  be  known,  and 
it  is  wanted  to  determine  the  corresponding  temperature, 
the  rule  must  be  modified  thus: — From  the  elastic 
force,  in  inches  of  mercury,  subtract  the  decimal  *1, 
diyide  the  logarithm  of  the  remainder  bj  5*1 3^  and  to 
the  quotient  add  the  logarithm  2*1327940;  find  the 
natural  number  answering  to  the  sum,  and  subtract 
therefrom  the  constant  51*3;  the  remainder  will  be 
the  temperature  sought.  The  French  Academy,  and 
the  Franklin  Institute,  have  repeated  Mr.  Southern's 
experiments  on  a  larger  scale  :  the  results  obtained  by 
them  are  not  widely  difierent,  and  are  perhaps  nearer 
the  truth,  but  Mr.  Southern's  results  are  generally 
adopted  by  engineers,  as  sufficiently  accurate  for 
practical  purposes. 

166.  Q. — ^Have  not  some  superior  experiments  upon 
this  subject  been  made  in  France  by  M.  Begnault? 

A^ — Yes,  the  experiments  of  M.  Begnault  upon  thi? 
subject  have  been  very  elaborate  and  very  carefully 
conducted,  and  the  results  are  probably  more  accurate 
than  have  been  heretofore  obtained.  Nevertheless,  it 
is  questionable  how  far  it  is  advisable  to  disturb  the 
roles  of  Watt  and  Southern,  with  which  the  practice 
of  engineers  is  very  much  identified,  for  the  sake  of 
emendations  which  are  not  of  such  magnitude  as  to 
influence  materially  the  practical  result.  M.  Begnault 
has  shown  that  the  total  amount  of  heat,  existing  in 
a  given  weight  of  steam,  increases  slightly  with  the 
pressure,  so  that  the  sum  of  the  latent  and  sensible 
heats  do  not  form  a  constant  quantity.    Thus^  in  steam 
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of  the  atmospheric  pressure,  or  with  14*7  lbs.  upon  the 
square  inch,  the  sensible  heat  of  the  steam  is  212  de- 
grees, the  latent  heat  966*6  degrees,  and  the  sum  of  the 
latent  and  sensible  heats  1178*6  degrees;  whereas  in 
steam  of  90  pounds  upon  the  square  inch  the  sensible 
heat  is  320*2  degrees,  the  latent  heat  891*4  degrees, 
and  the  sum  of  the  latent  and  sensible  heats  121 1<0 
degrees.  There  is,  therefore,  33  degrees  less  of  heat 
in  anj  given  weight  of  water,  raised  into  steam' of  the 
atmospheric  pressure,  than  if  raised  into  steam  of  90 
lbs.*  pressure. 

167.  Q. — ^What  expansion  does  water  undergo  in  its 
conversion  into  steam  ? 

A.  —  A  cubic  inch  of  water  makes  about  a  cubic  foot 
of  steam  of  the  atmospheric  pressure. 

168.  Q. — And  how  much  at  a  higher  pressure  ? 
A. — That  depends  upon  what  the  pressure  is.    But 

the  proportion  is  easily  ascertained,  for  the  pressure 
and  the  bulk  of  a  given  quantitj  of  steam,  as  of  air  or 
an  J  other  elastic  fluid,  are  always  in  verselj  proportional 
to  one  another.  Thus  if  a  cubic  inch  of  water  makes 
a  cubic  foot  of  steam,  with  thcpressure  of  one  atmo- 
sphere, it  will  make  half  a  cubic  foot  with  the  pressure 
of  two  atmospheres,  a  third  of  a  cubic  foot  with  the 
pressure  of  three  atmospheres,  and  so  on  in  all  other 
proportions.  High  pressure  steam  indeed  is  just  low 
pressure  steam  forced  into  a  less  space,  and  the  pressure 
will  always  be  great  in  the  proportion  in  which  the 
space  is  contracted. 

*  A  Table  containing  the  results  arrived  at  by  M.  Kegnaalt 
is  given  in  the  Key. 


HIGH  PBESSUBE  STEAM  18  STEAM  COMPRESSED.      107 

169.  Q. — ^If  this  be  so,  the  quantity  of  heat  in  a  given 
weight  of  steam  must  be  nearlj  the  same,  whether  the 
steam  is  high  or  low  pressure? 

A* — ^Yes;  the  heat  in  steam  is  nearlj  a  constant 
qiiantitjry  at  all  pressures,  but  not  so  precisely.  Steam 
to  which  an  additional  quantity  of  heat  has  been  im- 
parted after  leaving  the  boiler,  or  as  it  is  called 
''  superheated  steam,"  comes  under  a  different  law,  for 
the  elasticity  of  such  steam  may  be  increased  without 
any  addition  being  made  to  its  weight ;  but  with  the 
amount  of  superheating  at  present  employed  for 
working  engines,  it  may  be  considered  in  practice 
that  a  pound  of  steam  contains  very  nearly  Uie  same 
quantity  of  heat  at  all  pressures. 

170.  Q. — Does  not  the  quantity  of  heat  in  any  body 
vary  with  the  temperature  ? 

A, — Other  circumstances  remaining  the  same  the 
quantity  of  heat  in  a  body  increases  with  the  tem- 
peratures. 

171.  Q. — And  is  not  high  pressure  steam  hotter  than 
low  pressure  steam  ? 

Am —  Yes,  the  temperature  of  steam  rises  with  the 
pressure. 

172.  Q. — How  then  comes  it,  that  there  is  the  same 
quantity  of  heat  in  the  same  weight  of  high  and  low 
pressure  steam,  when  the  high  pressure  steam  has  the 
highest  temperature  ? 

A. — Because  althougb  the  temperature  or  sensible 
heat  rises  with  the  pressure,  the  latent  heat  becomes 
less  in  about  the  same  proportion.  And  as  has  been 
akeady  explained,  the  latent  and  sensible  heats  taken 
together  make  up  nearly  the  same  amount  at  all  tern- 
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peratures ;  but  the  amount  is  somewhat  greater  at  the 
higher  temperatures.  As  a  damp  sponge  becomes  wet 
Then  subjected  to  pressure^  so  warm  vapour  becomes 
hot  when  forced  into  less  bulk,  but  in  neither  case  does 
the  quantity  of  moisture  or  the  quantity  of  heat  sustain 
any  alteration.  Common  air  becomes  so  hot  by  com- 
pression that  tinder  may  be  inflamed  by  it,  as  is  seen 
in  the  instrument  for  producing  instantaneous  light  by 
suddenly  forcing  air  into  a  syringe. 

1 73.  Q. — ^What  law  is  followed  by  surcharged  steam 
on  the  application  of  heat  ? 

A. —  The  same  as  that  followed  by  air,  in  which  the 
increments  in  volume  are  very  nearly  in  the  same  pro- 
portion as  the  increments  in  temperature  ;  and  the 
increment  in  volume  for  each  degree  of  increased  tem- 
perature is  -^  th  part  of  the  volume  at  32^.  A  volume 
of  air  which,  at  the  temperature  of  32%  occupies  100 
cubic  feet,  will  at  212''  fill  a  space  of  136'73  cubic  feet. 
The  volume  which  air  or  steam  —  out  of  contact  with 
water — of  a  given  temperature  acquires  by  being  heated 
*iQ  a  higher  temperature,  the  pressure  remaining  the 
same,  may  be  found  by  the  following  rule : — To  each 
of  the  temperatures  before  and  after  expansion,  add 
the  constant  number  459 :  divide  the  greater  sum  by 
the  less,  and  multiply  the  quotient  by  the  volume  ot 
the  lower  temperature :  the  product  will  give  the  ex- 
panded volume. 

1 74.  Q.  — If  the  relative  volumes  of  steam  and  water 
are  known,  is  it  possible  to  tell  the  quantity  of  water 
which  should  be  supplied  to  a  boiler,  when  the  quan- 
tity of  steam  expended  is  specified  ? 
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A. — ^Yes;  at  the  atmospheric  pressure,  about  a  cubic 
inch  of  water  has  to  be  supplied  to  the  boiler  for  every 
cubic  foot  of  steam  abstracted ;  at  other  pressures,  the 
relative  bulk  of  water  and  steam  may  be  determined 
as  follows : — To  the  temperature  of  steam  in  degrees 
of  Fahrenheit,  add  the  constant  number  469,  multiply 
the  sum  by  37*3,  and  divide  the  product  by  the  elastic 
force  of  the  steam  in  pounds  per  square  inch;  the 
quotient  will  give  the  volume  required. 

17o.  Q. — ^Will  this  rule  give  the  proper- dimensions 
of  the  pump  for  feeding  the  boiler  with  water  ? 

A. — No;  it  is  necessary  in  practice  that  the  feed 
pump  should  be  able  to  supply  the  boiler  with  a  much 
larger  quantity  of  water  than  what  is  indicated  by 
these  proportions,  from  the  risk  of  leaks^  priming,  or 
eriher  disarrangements,  and  the  feed  pump  is  usually 
made  capable  of  raising  3^  times  the  water  evaporated 
by  the  boiler.  About  T^^yth  of  the  capacity  of  the 
cylinder  answers  very  well  for  the  capacity  of  the  feed 
pump  in  the  case  of  low  pressure  engines,  supposing 
the  cylinder  to  be  double  acting,  and  the  pump  single 
acting  ;  but  it  is  better  to  exceed  this  size. 

176.  Q- — Is  this  rule  for  the  size  of  the  feed  pump 
applicable  to  the  case  of  high  pressure  engines  ? 

Au —  Clearly  not ;  for  since  a  cylinder  full  of  high 
pressure  stetfm,  contains  more  water  than  the  same 
cylinder  full  of  low  pressure  steam,  the  size  of  the  pump 
must  vary  in  the  same  proportion  as  the  density  of 
the  steam.  In  all  pumps  a  good  deal  of  the  effect  is 
lost  from  the  imperfect  action  of  the  valves ;  and  in 
engines  travelling  at  a  high  rate  of  speed,  in  parti- 
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culuTy  a  large  part  of  the  water  is  apt  to  return  through 
the  suction  valve  of  the  pump,  especially  if  much  lift 
be  permitted  to  that  valve.  In  steam  vessels  moie- 
over,  where  the  boiler  is  fed  with  salt  water,  and 
where  a  certain  quantity  of  supersalted  water  has  to  be 
blown  oat  of  the  boiler  from  time  to  time,  to  prevent 
the  water  from  reaching  too  high  a  degree  of  concen- 
tration, the  feed  pump  requires  to  be  of  additional 
size  to  supply  the  extra  quantity  of  water  thus 
rendered  necessary.  When  the  feed  water  is  boiling 
or  very  hot,  as  in  some  engines  is  the  case,  the  feed 
pump  will  not  draw  from  a  depth,  and  will  altogether 
act  less  efficiently,  so  that  an  extra  size  of  pump  has 
to  be  provided  in  consequence.  These  and  other 
considerations  which  might  be  mentioned  show  the 
propriety  of  making  the  feed  pump  very  much  larger 
than  theory  requires.  The  proper  proportions  of 
pumpS)  however,  forms  part  of  a  subsequent  chapter. 


Ill 


CHAP.  m. 

GXPAKSIOX  OF   STEAM  AND   ACTION   OF  THE 
VALVE& 


177.  Q.  —  What  is  meant  hj  working  engines  ex- 
pansiyelj  ? 

A. — Adjusting  the  yalves,  so  that  the  steam  is  shut 
off  from  the  cylinder  before  the  end  of  the  stroke, 
whereby  the  residue  of  the  stroke  is  left  to  be  com* 
pleted  by  the  expanding  steam. 

1 78.  Q.  — And  what  is  the  benefit  of  that  practice  ? 

A. — It  accomplishes  an  important  saving  of  steam, 
or,  what  is  the  same  thing,  of  fuel ;  but  it  diminishes 
the  power  of  the  engine,  while  increasing  the  power 
of  the  steam.  A  laiger  engine  will  be  required  to  do 
the  same  work,  but  the  work  will  be  done  with  a 
smaller  consumption  of  fuel.  If,  for  example,  the 
steam  be  shut  off  when  only  half  the  stroke  is  com- 
pleted, there  will  only  be  hidf  the  quantity  of  steam 
used.  But  there  will  be  more  than  half  the  power 
exerted ;  for  although  the  pressure  of  the  steam  de- 
creases after  the  supply  entering  from  the  boiler  is 
shut  off,  yet  it  imparts,  during  its  expansion,  some 
power,  and  that  power,  it  is  clear,  is  obtained  without 
any  expenditure  of  steam  or  fuel  whatever. 
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179.  Q.  —  What  will  be  the  pressure  of  the  steam, 
under  such  circumstanceSy  at  the  end  of  the  stroke  ? 

A,  —  If  the  steam  be  shut  off  at  half  stroke,  the 
pressure  of  the  steaxn^  reckoning  the  total  pressure 
both  below  and  above  the  atmosphere,  will  just  be 
one-half  of  what  it  was  at  the  beginning  of  the  stroke. 
It  is  a  well  known  law  of  pneumatics,  that  the  pressure 
of  elastic  fluids  varies  inversely  as  the  spaces  into 
which  thej  are  expanded  or  compressed.  For  ex- 
ample, if  a  cubic  foot  of  air  of  the  atmospheric  density 
bo  compressed  into  the  compass  of  half  a  cubic  foot^ 
its  elasticity  will  be  increased  from  15  lbs.  on  the 
square  inch  to  80  lbs.  on  the  square  inch ;  whereas,  if 
its  volume  be  enlarged  to  two  cubic  feet,  its  elasticity 
will  be  reduced  to  7^  lbs.  on  the  square  inch,  being  . 
just  half  its  origiaal  pressure.  The  same  law  hoMs 
in  all  other  proportions,  and  with  all  other  gases  and 
vapours,  provided  their  temperature  remains  un- 
changed; and  if  the  steam  valve  of  an  engine  be 
closed,  when  the  piston  has  descended  through  one- 
fourth  of  the  stroke,  the  steam  within  the  cylinder 
will,  at  the  end  of  the  stroke,  just  exert  one-fourth  of 
its  initial  pressure. 

180.  Q. — Then  by  computing  the  varying  pressure 
at  a  number  of  stages,  the  average  or  mean  pressure 
throughout  the  stroke  may  be  approximately  deter- 
mined ? 

A,  —  Precisely  so.  Thus,  in  the  accompanying 
figure,  fig.  24.,  let  e  be  a  cylinder,  j  the  piston,  a  the 
steam  pipe,  e  the  upper  port,  /  the  lower  port,  d  the 
steam  pipe,  prolonged  to  e  the  equilibrium  valve,  g 
the  eduction  valve,  u  the  steam  jacket,  n  the  cylinder 
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^.  24. 


Diagram  showing  law  of  expansion  of  steam  in  a  cylinder. 

coTCTy  o  Stuffing  bozy  n  piston  rod,  p  cylinder  bottom ; 
let  the  cylinder  be  supposed  to  be  divided  in  the 
direction  of  its  length  into  any  number  of  equal  parts, 
say  twenty,  and  let  the  diameter  of  the  cylinder  re- 
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present  the  pressure  of  the  steam,  which,  for  the  sake 
of  simpUcitj,  we  may  take  at  10  lbs.,  so  that  we  may 
divide  the  cylinder,  in  the  direction  of  its  diameter, 
into  ten  equal  parts.  If  now  the  piston  be  supposed 
to  descend  through  five  of  the  divisions,  and  the  steam 
valve  then  be  shut,  the  pressure  at  each  subsequent 
position  of  the  piston  will  be  represented  by  a  series, 
computed  according  to  the  laws  of  pneumatics,  and 
which,  if  the  initial  pressure  be  represented  by  1, 
will  give  a  pressure  of  *5  at  the  middle  of  the  stroke, 
and  '26  at  the  end  of  it.  If  this  series  be  set  off  on 
the  horizontal  lines,  it  will  mark  out  a  hyperbolic 
curve — the  area  of  the  part  exterior  to  which  repre- 
sents the  total  efficacy  of  the  stroke,  and  the  interior 
area,  therefore,  represents  the  diminution  in  the  power 
of  a  stroke,  when  the  steam  is  cut  off  at  one-fourth  of 
the  descent  If  the  squares  above  the  point,  where 
the  steam  is  cut  off,  be  counted,  they  will  be  found  to 
amount  to  60;  and  if  those  beneath  that  point  be 
counted  or  estimated,  they  will  be  found  to  amount  to 
about  69,  These  squares  are  representative  of  the 
power  exerted ;  so  that  while  an  amount  of  power  re- 
presented by  50  has  been  obtained  by  the  expendi- 
ture of  a  quarter  of  a  cylinder  full  of  steam,  we  get 
an  amount  of  power  represented  by  69,  without  any 
expenditure  of  steam  at  all,  merely  by  permitting  the 
steam  first  used  to  expand  into  four  times  its  original 
volume. 

181.  Q. — Then  by  working  an  engine  expansively, 
the  power  of  the  steam  is  increased,  but  the  power  of 
the  engine  is  diminished  ? 

A -—Yes.    The  efficacy  of  a  given  quantity  of 
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Steam  is  more  than  doubled  bj  expanding  the  steam 
fomr  times,  while  the  efficacy  of  each  stroke  is  made 
nearly  one-half  less.  And,  therefore,  to  carry  out  the 
ezpanslTe  principle  in  practice,  the  cylinder  requires 
to  be  larger  than  usual,  or  the  piston  faster  than  usual, 
in  the  proportion  in  which  the  expansion  is  carried 
out.  Every  one  who  is  acquainted  with  simple  arith- 
metic, can  compute  the  terminal  pressure  of  steam  in 
a  cylinder,  when  he  knows  the  initial  pressure  and  the 
point  at  which  the  steam  is  cut  off ;  and  he  can  also 
find,  by  the  same  process,  any  pressure  intermediate 
between  the  first  and  last.  By  setting  down  these 
pressures  in  a  table,  and  taking  their  mean,  he  can 
determine  the  effect,  with  tolerable  accuracy,  of  any 
particular  measure  of  expansion.  It  is  necessary  to 
remark,  that  it  is  the  total  pressure  of  the  steam  that 
he  must  take ;  not  the  pressure  above  the  atmosphere, 
but  the  pressure  above  a  perfect  vacuum. 

182.  Q. — Can  you  give  any  rule  for  ascertaining 
at  one  operation  the  amount  of  benefit  derivable  from 
expansion? 

A. — Divide  the  length  of  stroke  through  which  the 
steam  expands,  by  the  length  of  stroke  performed  with 
full  pressure,  which  last  call  1 ;  the  hyperbolic 
logarithm  of  the  quotient  is  the  increase  of  efficiency 
due  to  expansion.  According  to  this  rule  it  will  be 
found,  that  if  a  given  quantity  of  steam,  the  power  of 
which  working  at  full  pressure  is  represented  by  1, 
be  admitted  into  a  cylinder  of  such  a  size  that  its 
ingress  is  concluded  when  one-half  the  stroke  has  been 
performed,  its  efficacy  will  be  raised  by  expansion  to 
1*69 ;  if  the  admission  of  the  steam  be  stopped  at  one- 
X  a 
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third  of  the  stroke,  the  efficacy  will  be  2*10;  at  one- 
fourth  2*89;  at  one-fifth  2*61 ;  at  oue-sizth,  2*79;  at 
one-seventh  2*95 ;  at  one-eighth  3*08.  The  expansion, 
however,  cannot  be  carried  beneficiallj  so  far  as  one- 
eighth,  unless  the  pressure  of  the  steam  in  the  boiler 
be  very  considerable,  on  account  of  the  inconvenient 
size  of  cylinder  or  speed  of  piston  which  would 
require  to  be  adopted,  the  friction  of  the  engine,  and 
the  resistance  of  vapour  in  the  condenser,  which  all 
become  relatively  greater  with  a  smaller  urging  force. 

183.  Q. — Is  this  amount  of  benefit  actually  realised 
in  practice  ? 

A.  —  Only  in  some  cases.  It  appears  to  be  indis- 
pensable to  the  realisation  of  any  large  amount  of 
benefit  by  expansion,  that  the  cylinder  should  be  en- 
closed in  a  steam  jacket,  or  should  in  some  other  way 
be  efiectually  protected  from  refrigeration.  In  some 
engines  not  so  protected,  it  has  been  found  experi- 
mentally that  less  benefit  was  obtained  from  the  fuel 
by  working  expansively  than  by  working  without  ex- 
pansion —  the  whole  benefit  due  to  expansion  being 
more  than  counteracted  by  the  increased  refrigeration 
due  to  the  larger  surface  of  the  cylinder  required  to 
develop  the  power.  In  locomotive  engines,  with  out- 
side cylinders,  this  condition  of  the  advantageous  use 
of  expansion  has  been  made  very  conspicuous,  as  has 
also  been  the  case  in  screw  steamers  with  four 
cylinders,  and  in  which  the  refrigerating  surface  of 
the  cylinders  was  consequently  large. 

184.  Q.  —  The  steam  is  admitted  to  and  from  the 
cylinder  by  means  of  a  slide  or  sluice  valve  ? 

A,  —  Yes ;  and  of  the  slide  valve  there  are  many 
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varieties ;  but  the  kinds  most  in  use  are  the  D  Talye, 
shown  in  fig.  25.» — and  so  called  from  its  resemblance 
to  a  half  cylinder  or  D  in  its  cross  section  —  and  the 
three  ported  valve,  shown  in  fig.  26.,  which  consists 
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Fig,  26. 


Long  D  Vaitb. 
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of  a  brass  or  iron  box  set  over  the  two  ports  or  open- 
ings into  the  cylinder,  and  a  central  port  which  conducts 
away  the  steam  to  the  atmosphere  or  condenser;  but 
the  length  of  the  box  is  so  adjusted  that  it  can  only 
cover  one  of  the  cylinder  ports  and  the  central  or 
eduction  port  at  the  same  time.  The  effect,  therefore, 
of  moving  the  valve  up  and  down,  as  is  done  by  the 
eccentric  is  to  establish  a  connection  alternately 
between  each  cylinder  port  and  the  central  passage 
whereby  the  steam  escapes;  and  while  the  steam  is 
escaping  from  beneath  the  piston,  the  position  of  the 
X  8 
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valve  18  such,  that  a  free  communication  exists  hetween 
the  space  above  the  piston  and  the  steam  in  the  boiler. 
The  piston  is  thus  urged  alternately  up  and  down  — 
the  valve  so  changing  its  position  before  the  piston 
arrives  at  the  end  of  the  stroke,  that  the  pressure  is 
by  that  time  thrown  on  the  reverse  side  of  the 
piston,  so  as  to  urge  it  into  motion  in  the  opposite 
direction. 

185.  Q. — Is  the  motion  of  the  valve,  then,  the 
reverse  of  that  of  the  piston  ? 

A. — No.  The  valve  does  not  move  down  when  the 
piston  moves  down,  nor  does  it  move  down  when^he 
piston  moves  up ;  but  it  moves  from  its  mid  position 
to  the  extremity  of  its  throw  and  back  again  to  its 
raid  position,  while  the  piston  makes  an  upward  or 
downward  movement,  so  that  the  motion  is  as  it  were 
at  right  angles  to  the  motion  of  the  piston ;  or  it  is 
the  same  motion  that  the  piston  of  another  engine,  the 
crank  of  which  is  set  at  right  angles  with  that  of  the 
first  engine,  would  acquire. 

186.  Q. — Then  in  a  steam  vessel  the  valve  of  one 
engine  may  be  worked  from  the  piston  of  the  other  ? 

A,  —  Tes,  it  may ;  or  it  may  be  worked  from  its 
own  connecting  rod ;  and  in  the  case  of  locomotive 
engines,  this  has  sometimes  been  done. 

187.  Q.— What  is  meant  by  the  lead  of  the  valve  ? 
A.  —  The   amount  of  opening  which  the  valve 

presents  for  the  admission  of  the  steam,  when  the 
piston  is  just  beginning  its  stroke.  It  is  found 
expedient  that  the  valve  should  have  opened  a  little 
to  admit  steam  on  the  reverse  side  of  the  piston  before 
the  stroke  terminates ;  and  the  amount  of  this  opening, 
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which  is  given  by  turning  the  eccentric  more  or  less 
round  upon  the  shaft,  is  what  is  termed  the  lead. 

188.  Q.  —  And  what  is  meant  by  the  lap  of  the 
valve? 

Am — It  is  an  elongation  of  the  valve  face  to  a 
certain  extent  over  the  port,  whereby  the  port  is 
closed  sooner  than  would  otherwise  be  the  case.  This 
extension  is  chiefly  efiected  at  that  part  of  the  valve 
where  the  steam  is  admitted,  or  upon  the  Ueam  tide 
of  the  valve,  as  the  technical  phrase  is ;  and  the 
intent  of  the  extension  is  to  close  the  steam  passage 
before  the  end  of  the  stroke,  whereby  the  engine  is 
made  to  operate  to  a  certain  extent  expansively.  In 
some  cases,  however,  there  is  also  a  certain  amount  of 
lap  given  to  the  escape  or  eduction  side,  to  prevent 
the  eduction  from  being  performed  too  soon  when  the 
lead  is  great ;  but  in  all  cases  there  is  far  less  lap  on 
the  eduction  than  on  the  steam  side,  very  often  there 
is  none,  and  sometimes  less  than  none,  so  that  the 
valve  is  incapable  of  covering  both  the  ports  at  once. 

189.  Q.  —  What  is  the  usual  proportional  length 
of  stroke  of  the  valve  ? 

A,  —  The  common  stroke  of  the  valve  in  rotative 
engines  is  twice  the  breadth  or  depth  of  the  port,  and 
the  length  of  the  valve  face  will  then  be  just  the 
breadth  of  the  port  when  there  is  lap  on  neither  the 
steam  nor  eduction  side.  Whatever  lap  is  given, 
therefore,  makes  the  valve  face  just  so  much  longer. 
In  some  engines,  however,  the  stroke  of  the  valve  is  a 
good  deal  more  than  twice  the  breadth  of  the  port ; 
and  it  is  to  the  stroke  of  the  valve  that  the  amount  of 
lap  should  properly  be  referred* 
I  4 
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190.  Q.  —  Can  jon  tell  what  amoant  of  lap  will 
accomplish  any  giyen  amount  of  expansion? 

A.  —  Yes,  when  the  stroke  of  the  valve  is  known. 
From  the  length  of  the  stroke  of  the  piston  subtract 
that  part  of  the  stroke  which  is  intended  to  be  accom- 
plished before  the  steam  is  cut  off;  divide  the  re- 
mainder by  the  length  of  the  stroke  of  the  piston,  and 
extract  the  square  root  of  the  quotient,  which  multiply 
by  half  the  stroke  of  the  valve,  and  from  the  product 
take  half  the  lead;  the  remainder  will  be  the  lap 
required. 

191.  Q.  —  Can  you  state  how  we  may  discover  at 
what  point  of  the  stroke  the  eduction  passage  will  be 
closed  ? 

A. — To  find  how  much  before  the  end  of  the  stroke 
the  eduction  passage  will  be  closed: — to  the  lap  on 
the  steam  side  add  the  lead,  and  divide  the  sum  by 
half  the  stroke  of  the  valve ;  find  the  arc  whose  sine 
is  equal  to  the  quotient,  and  add  90^  to  it ;  divide  the 
lap  on  the  eduction  side  by  half  the  stroke  of  the 
valve,  and  find  the  arc  whose  cosine  is  equal  to  the 
quotient ;  subtract  this  arc  from  the  one  last  obtained* 
and  find  the  cosine  of  the  remainder;  subtract  this 
cosine  from  2,  and  multiply  the  remainder  by  half  the 
stroke  of  the  piston ;  the  product  is  the  distance  of 
the  piston  from  the  end  of  the  stroke  when  the 
eduction  passage  is  closed. 

192.  Q. — Can  you  explain  how  we  may  determine 
the  distance  of  the  piston  from  the  end  of  the  stroke, 
before  the  steam  urging  it  onward  is  allowed  to  escape  ? 

A,  —  To  find  how  far  the  piston  is  from  the  end  of 
its  stroke  when  the  steam  that  is  propelling  it  by 
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expansion  is  allowed  to  escape  to  the  atmosphere  or 
condenser: — to  the  lap  on  the  steam  side  add  the 
lead ;  divide  the  snm  by  half  the  stroke  of  the  valve, 
and  find  the  arc  whose  sine  is  equal  to  the  quotient ; 
find  the  arc  whose  sine  is  equal  to  the  lap  on  the 
eduction  side,  divided  by  half  the  stroke  of  the  valve ; 
add  these  two  arcs  together  and  subtract  90^ ;  find  the 
cosine  of  the  residue,  subtract  it  from  1,  and  multiply 
the  remainder  by  half  the  stroke  of  the  piston ;  the 
product  is  the  distance  of  the  piston  from  the  end  of 
its  stroke  when  the  steam  that  is  propelling  it  is 
allowed  to  escape  into  the  atmosphere  or  condenser. 
In  using  these  rules,  aU  the  dimensions  are  to  be 
taken  in  inches,  and  the  answers  will  be  found  in 
inches  also. 

193.  Q. — ^Is  it  a  benefit  or  a  detriment  to  open  the 
eduction  passage  before  the  end  of  the  stroke  ? 

A.  —  Li  engines  working  at  a  high  rate  of  speed, 
such  as  locomotive  engines,  it  is  very  important  to 
open  the  exhaust  passage  for  the  escape  of  the  steam 
before  the  end  of  the  stroke,  as  an  injurious  amount 
of  back  pressure  is  thus  prevented.  In  the  earlier 
locomotives  a  great  loss  of  effect  was  produced  from 
inattention  to  this  condition;  and  when  lap  was 
^plied  to  the  valves  to  enable  the  steam  to  be  worked 
expansively,  it  was  found  that  a  still  greater  benefit 
was  collaterally  obtained  by  the  earlier  escape  of  tho 
steam  from  the  eduction  passages,  and  which  was 
incidental  to  the  application  of  lap  to  the  valves.  The 
average  consumption  of  coke  per  mile  was  reduced  by 
Mr.  Wooids  from  40  lbs.  per  mile  to  15  lbs  per  mile, 
chiefiy  by  giving  a  free  outlet  to  the  escaping  steam. 
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194.  Q. — To  what  extent  can  expansion  be  carried 
beneficially  by  means  of  lap  upon  the  valye  ? 

A. — To  about  one-third  of  the  stroke ;  that  is,  the 
valve  may  be  made  with  so  much  lap,  that  the  steam 
will  be  cut  off  when  two-^thirds  of  the  stroke  have 
been  performed,  leaving  the  residue  to  be  accomplished 
by  the  agency  of  the  expanding  steam ;  but  if  a  much 
further  amount  of  expansion  than  this  is  wanted,  it 
may  be  accomplished  by  wire  drawing  the  steam,  or 
by  so  contracting  the  steam  passage  that  the  pressure 
within  the  cylinder  must  decline  when  the  speed  of 
the  piston  is  accelerated,  as  it  is  about  the  middle  of 
the  stroke. 

195.  Q. — Will  you  explain  how  this  result  ensues  ? 
A. — ^If  the  valve  be  so  made  as  to  shut  off  the 

steam  by  the  time  two  thirds  of  the  stroke  have  been 
performed,  and  the  steam  be  at  the  same  time  throt- 
tled in  the  steam  pipe,  the  full  pressure  of  the  steam 
within  the  cylinder  cannot  be  maintained  except  near 
the  beginning  of  the  stroke,  where  the  piston  travels 
slowly ;  for,  as  the  speed  of  the  piston  increases,  the 
pressure  necessarily  subsides,  until  the  piston  ap- 
proaches the  other  end  of  the  cylinder,  where  the 
pressure  would  rise  again  but  that  the  operation  of 
the  lap  on  the  valve  by  this  time  has  had  the  effect 
of  closing  the  communication  between  the  cylinder 
and  steam  pipe,  so  as  to  prevent  more  steam  from 
entering.  By  throttling  the  steam,  therefore,  in  the 
manner  here  indicated,  the  amount  of  expansion  due 
to  the  lap  may  be  doubled,  so  that  an  engine  with  lap 
enough  upon  the  valve  to  cut  off  the  steam  at  two- 
thirds  of  the  stroke,  may,  by  the  aid  of  wire  drawing. 
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be  virtually  rendered  capable  of  cutting  off  the  steam 
at  one*tbird  of  the  stroke. 

196.  Q. — ^Ib  this  the  usual  waj  of  cutting  off  the 
steam? 

A. — ^No ;  the  usual  manner  of  cutting  off  the  steam 
is  bj  means  of  a  separate  valve,  termed  an  expansion 
valve ;  but  such  a  device  appears  to  be  hardlj  neces- 
sary in  ordinary  engines,  especially  if  fitted  with  the 
link  motion,  by  which  a  very  efficient  expansive 
action  of  the  steam  is  obtainable  by  shortening  the 
throw  of  the  valve,  which  virtually  increases  the  lap. 
In  the  Cornish  engines,  where  the  steam  is  cut  off  in 
some  cases  at  one-twelfth  of  the  stroke,  a  separate 
valve  for  the  admission  of  steam,  other  than  that 
which  permits  its  escape,  is  nearly  indispensable ;  but 
in  common  rotative  engines  a  separate  expansion 
valve  does  not  appear  to  be  required. 

197.  Q. — That  is,  where  much  expansion  is  re- 
quired an  expansion  valve  is  a  proper  appendage,  but 
where  not  much  is  required  a  separate  expansion 
valve  may  be  dispensed  with. 

A. — ^Precisely  so.  The  wire  drawing  of  the  steam 
causes  a  loss  of  part  of  its  power,  and  the  result  will 
not  be  quite  so  advantageous  by  throttling  as  by 
catting  off.  But  for  moderate  amounts  of  expansion 
it  will  suffice,  provided  there  be  lap  upon  the  slide 
valve. 

196.  Q. — ^Will  you  explain  the  structure  or  con- 
figuration of  expansion  apparatus  of  the  usual  con- 
struction ? 

A. — The  structure  of  expansion  apparatus  is  very 
▼arious;  but  all  the  kinds  operate  either  on  the 
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principle  of  giving  such  a  motion  to  the  slide  valve 
as  will  enable  it  to  cut  off  the  steam  at  the  desired 
point,  or  on  the  principle  of  shutting  off  the  steam  bj 
a  separate  valve  in  the  steam  pipe  or  valve  casing. 
The  first  class  of  apparatus  has  not  been  found  so 
manageable,  and  is  not  in  extensive  use,  except  in 
that  form  known  as  the  link  motion.  Of  the  second 
classy  the  most  simple  probablj  is  the  application  of  a 
cam,  giving  motion  to  the  throttle  valve,  or  to  a  valve 
of  the  same  construction,  which  either  accurately  fits 
the  steam  pipe,  or  which  comes  round  to  a  face,  which, 
however,  it  is  restrained  from  touching  by  a  suitable 
construction  of  the  cam.  A  kind  of  expansion  valve, 
often  employed  in  marine  engine^  of  low  speed,  is  the 
kind  used  in  the  Cornish  engines,  and  known  as  the 

equilibrium  ^alve*  This 
valve  is  represented  in 
jig.  27.  It  consists  sub- 
stantiaUj  of  an  annulus 
or  bulging  cylinder  of 
brass,  with  a  steam- 
tight  face  both  at  its 
upper  and  lower  edges, 
at  which  points  it  fits 
accurately  upon  a  sta- 
tionary seat.  This  an- 
nulus may  be  raised  or 
lowered  without  being 
resisted  by  the  pres- 
sure of  the  steam,  and 
in  rotative  engines  it  is  usually  worked  by  a  cam  on 
the  shaft.    The  expansion  cam  is  put  on  the  shaft 
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in  two  pieces,  which  are  fastened  to  each  other  by 
means  of  four  bolts  passing  throngh  lugs,  and  is  fixed 
to  the  shaft  by  keys.  A  roller  at  one  end  of  a  bell- 
crank  lever,  which  is  connected  with  the  expansion 
valve,  presses  against  the  cam,  so  that  the  motion 
of  the  lever  will  work  the  valve.  The  roUer  is  kept 
against  the  cam  by  a  weight  on  a  lever  attached  to  the 
same  shaft,  but  a  spring  is  necessary  for  high  speeds. 
If  the  cam  were  concentric  with  the  shaft,  the  lever 
which  presses  upon  it  would  remain  stationary,  and 
also  the  expansion  valve;  but  by  the  projection  of  the 
cam,  the  end  of  the  lever  receives  a  reciprocating  mo- 
tion, which  is  communicated  to  the  valve. 

199.  Q.—*The  cam  then  works  the  valve? 

A, — Yes.  The  position  of  the  projection  of  the  cam 
determines  the  point  in  relation  to  the  stroke  at  which 
the  valve  is  opened,  and  its  circumferential  length 
determines  the  length  of  the  time  during  which  the 
valve  continues  open.  The  time  at  which  the  valve 
should  begin  to  open  is  the  same  under  aU  circum- 
stances, but  the  duration  of  its  opening  varies  with 
the  amount  of  expansion  desired.  In  order  to  obtain 
this  variable  extent  of  expansion,  there  are  several 
projections  made  upon  the  cam,  each  of  which  gives  a 
different  degree,  or  grade  as  it  is  usuaUy  called,  of 
expansion.  These  grades  all  begin  at  the  same  point 
on  the  cam,  but  are  of  different  lengths,  so  that  they 
begin  to  move  the  lever  at  the  same  time,  but  differ 
in  the  time  of  returning  it  to  its  original  position. 

200.  Q- — How  is  the  degree  of  expansion  changed  ? 
A. — The  change  of  expansion  is  effected  by  moving 

the  roller  on  to  the  desired  grade  ;  which  is  done  by 
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slipping  the  lever  carrying  the  roller  endways  on 
the  shaft  or  pin  sustaining  it. 

201.  Q. — ^Are  such  cams  applicable  in  all  cases? 
A. — ^In  engines  moving  at  a  high  rate  of  speed  the 

roller  will  be  thrown  back  from  the  cam  by  its  mo- 
mentum, unless  it  be  kept  against  it  by  means  of 
springs.  In  some  cases  I  have  employed  a  spring 
formed  of  a  great  number  of  discs  of  India  rubber  to 
keep  the  roller  against  the  cam,  but  on  the  whole  a 
smidl  vacuum  cylinder  appears  to  be  the  kind  of 
spring  least  liable  to  derangement. 

202.  Q. — May  not  the  percussion  incident  to  the 
action  of  a  cam  at  a  high  speed,  when  the  roUer  is  not 
kept  up  to  the  face  by  springs,  be  obviated  by  giving 
a  suitable  configuration  to  the  cam  itself? 

A. — It  may  at  all  events  be  reduced.  The  outline 
of  the  cam  should  be  a  parabola,  so  that  the  valve 
may  be  set  in  motion  precisely  *as  a  falling  body 
would  be ;  but  it  will,  nevertheless,  be  necessary  that 
the  roUer  on  which  the  cam  presses  should  be  forced 
upward  by  a  spring  rather  than  by  a  counterweight, 
as  there  will  thus  be  less  inertia  or  momentutn  in  the 
mass  that  has  to  be  moved. 

203.  Q. — An  additional  slide  valve  is  sometimes 
used  for  cutting  off  the  steam  ? 

A. — ^Yes,  very  frequently ;  and  the  slide  valve  is 
sometimes  on  the  side  or  back  of  the  valve  casing, 
and  sometimes  on  the  back  of  the  main  or  dlBtributing 
valve,  and  moving  with  it. 

204.  Q.. — Are  cams  used  in  locomotive  engines  ? 
A. — In  locomotive  engines  the  use  of  cams  is  in- 
admissible, and  other  expedients  are  employed,   of 
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which  those  contrived  bj  Stephenson  and  by  Cabrey 
operate  on  the  principle  of  accomplishing  the  requisite 
yariations  of  expansion  by  altering  the  throw  of  the 
slide  Talve. 

205.  Q. — What  is  Stephenson's  arrangement  ? 
A. — Stephenson  connects  the  ends  of  the  forward 
and  backward  eccentric  rods  by  a  link  with  a  curved 
slot  in  which  a  pin  upon  the  end  of  the  valve  rod 
works.    By  moving  this  link  so  as  to  bring  the  for- 
ward eccentric  rod  in  the  same  line  with  the  valve 
rod,  the  valve  receives  the  motion  due  to  that  eccen- 
tric ;  whereas  if  the  backward  eccentric  rod  is  brought 
in  a  line  with  the  valve  rod,  the  valve  gets  the  motion 
proper  for  reversing,  and  if  the  link  be  so  placed  that 
the  valve  rod  is  midway  between  the  two  eccentric 
rodSy  the  valve  will  remain  nearly  stationary.     This 
arrangement,  which  is  now  employed  extensively,  is 
what  is  termed  ".the  link  motion."    It  is  represented 
in  the  annexed  figure.  Jig,  28.,  where  e  is  the  valve 
rod,  which  is  attached  by  a  pin  to  an  open  curved 
link  susceptible  of  being  moved  np  and  down  by  the 
bell-crank  lever/"  f,  supported  on  the  centre  g,  and 
acting  on  the  links/!  while  the  valve  rod  e  remains  in 
the  same  horizontal  plane;  ddt  9xe  the  eccentric  rods, 
and  the  link  is  represented  in  its  lowest  position. 
The  dotted  lines  h'h"  show  the  position  of  the  eccentric 
rods  when  the  link  is  in  its  highest  position,  and  IV 
when  in  mid  position. 
206.   Q. — ^What  is  Cabrey's  arrangement  ? 
^—  Mr.  Cabrey  makes  his  eccentric  rod  terminate 
in  a  pin  which  works  into  a  straight  slotted  lever, 
furnished  with  jaws  similar  to  the  jaws  on  the  eccen- 
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trie  rods  of  locomotives.  Bj  raising  the  pin  of  tlie 
eccentric  rod  in  this  slot,  the  travel  of  the  valve  will 
be  varied,  and  expansive  action  will  be  the  restdt 


207.  Q. — What  other  forms  of  apparatog  are  tliere 
for  working  steam  expansively  ? 
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A,  —  They  are  too  numerous  for  description  here, 
but  a  few  of  them  maj  be  enumerated.  Fenton  seeks 
to  accomplish  the  desired  object  bj  introducing  a 
spiral  feather  on  the  crank  axle,  bj  moving  the 
eccentric  laterally  against  which  the  eccentric  is 
partially  turned  round  so  as  to  cut  off  the  steam  at  a 
different  part  of  the  stroke.  Dodds  seeks  to  attain 
the  same  end  by  corresponding  mechanical  arrange- 
ments. Farcot,  Edwards^  and  Lavagrian  cut  off  the 
steam  by  the  application  of  a  supplementary  valve  at 
the  back  of  the  ordinary  valve,  which  supplementary 
valve  is  moved  by  tappets  fixed  to  the  valve  casing. 
Bodmer  in  1841,  and  Meyer  in  1842,  employed  two 
slides  or  blocks  fitted  over  apertures  in  the  ordinary 
slide  valve,  and  which  blocks  were  approximated  or 
set  apart  by  a  right  and  left  handed  screw  passing 
through  both.*     Hawthorn,  in  1843,  employed  as  an 

*  In  1838  I  patented  an  arrangemeni  of  expansion  Talre, 
consisting  of  two  movable  plates  set  upon  the  ordinary  slide 
▼alye,  and  which  might  be  drawn  together  or  asander  by  means 
of  a  right  and  left  handed  screw  passing  through  both  plates. 
The  valve  spindle  was  hollow,  and  a  prolongation  of  the  screw 
passed  up  through  it,  and  was  armed  on  the  top  with  a  small 
wheel,  by  means  of  which  the  plates  might  be  adjusted  while  the 
engine  was  at  work.  In  1839  I  fitted  an  expansion  valve  in  a 
steam  vessel,  consisting  of  two  plates,  connected  by  a  rod,  and 
moved  by  tappets  up  against  the  steam  edges  of  the  valve.  In 
another  steam  vessel  I  fitted  the  same  species  of  valve,  but  the 
motion  was  not  derived  from  tappets,  but  from  a  moving  part  of 
the  engine,  though  at  the  moderate  speed  at  which  these  engines 
worked  I  found  tappets  to  operate  well  and  make  little  noise. 
In  1837  I  employed,  as  an  expansion  valve,  a  rectangular 
throttle  valve,  accurately  fitting  a  bored  out  seat,  in  which  it 
might  be  made  to  revolve,  though  it  did  not  revolve  in  working. 
Hiis  valve  was  moved  by  a  pin  in  a  pinion,  making  two  revolu- 
tions for  every  revolution  of  the  engine,  and  the  configuration  of 
the  seat  determined  the  amount  of  the  expansion.  In  1855  J 
K 
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expansion  valve  a  species  of  frame  lying  on  the  ordi- 
nary cylinder  face  upon  the  outside  of  the  valve,  and 
working  up  against  the  steam  side  of  the  valve  at 
each  end  so  as  to  out  off  the  steam.  In  the  same  year 
Gonzenbach  patented  an  arrangement  which  consists 
of  an  additional  slide  valve  and  valve  casing  placed 
on  the  back  of  the  ordinary  slide  valve  casing,  and 
through  this  supplementary  valve  the  steam  must  first 
pass.  This  supplementary  valve  is  worked  by  a 
double  ended  lever>  slotted  at  one  end  for  the  recep- 
tion of  a  pin  on  the  valve  link,  the  position  of  which 
in  the  slot  determines  the  throw  of  the  supplementary 
valve,  and  the  consequent  degree  of  expansion. 

208.  Q.  —  What  ia  the  arrangement  of  expansion 
valve  used  in  the  most  approved  modem  engines  ? 

A, — In  modern  engines,  either  marine  or  locomo- 
tive, it  is  found  that  if  they  are  fitted  with  the  link 
motion,  as  they  nearly  all  are,  a  very  good  expansive 
action  can  be  obtained  by  giving  a  suitable  adjust- 
ment to  it,  without  employing  an  expansion  valve  at 
all.  Diagrams  taken  from  engines  worked  in  this 
manner  show  a  very  excellent  result,  and  most  of  the 
modern  engines  trust  for  their  expansive  working  to 
the  link  motion  and  the  throttle  valve. 

have  again  used  expansion  valves  of  this  constraction  in  engines 
making  100  revolutions  per  minute,  and  with  perfectly  satisfar- 
tory  results, — J.  E 
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CHAP.  IV. 

MOJ>ES  OF  ESTIMATING  THE  POWER  AND  PER- 
FORMANCE OF  ENGINES   AND  BOILERS. 


HORSES  POWER. 


209.  Q. — What  do  70a  understand  by  a  horse 
power? 

A- — An  amount  of  mechanical  force  that  will  raise 
83,000  lbs.  one  foot  high  in  a  minute.  This  standard 
was  adopted  by  Mr.  Watt,  as  the  average  force  exerted 
by  the  strongest  London  horses ;  the  object  of  his  in- 
Tcstigation  being  to  enable  him  to  determine  the  rela* 
tion  between  the  power  of  a  certain  size  of  engine  and 
the  power  of  a  horse,  so  that  when  it  was  desired  to 
supersede  the  use  of  horses  by  the  erection  of  an 
engine,  he  might,  from  the  number  of  horses  em- 
ployed, determine  the  size  of  engine  that  would  be 
suitable  for  the  work. 

210.  Q. — Then,  when  we  talk  of  an  engine  of  200 
horse  power,  it  is  meant  that  the  impelling  efficacy  is 
equal  to  that  of  200  horsey  each  lifting  33,000  lbs. 
one  foot  high  in  a  minute  ? 

A.  —  No,  not  now ;  such  was  the  case  in  Watt's 
engines,  but  the  capacity  of  cylinder  answerable  to  a 
xs 
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horse  power  has  been  increased  by  most  engineers 
since  his  time,  and  the  pressure  on  the  piston  has 
been  increased  also,  so  that  what  is  now  called  a  200 
horse  power  engine  exerts,  almost  in  every  case,  a 
greater  power  than  was  exerted  in  Watt's  time,  and  a 
horse  power,  in  the  popular  sense  of  the  term,  has 
become  a  mere  conyentional  nnit  for  expressing  a 
certain  size  of  engine,  without  reference  to  the  power 
exerted. 

211.  Q.  —  Then  each  nominal  horse  power  of  a 
modem  engine  may  raise  much  more  than  33,000  lbs. 
one  foot  high  in  a  minute  ? 

A. — Yes ;  some  raise  52,000  lbs.,  others  60,000  lbs., 
and  others  66,000  lbs.,  one  foot  high  in  the  minute  by 
each  nominal  horse  power.  Some  engines  indeed  work 
as  high  as  eight  times  above  the  nominal  power,  and 
therefore  no  comparison  can  be  made  between  the 
performances  of  different  engines,  unless  the  power 
actually  exerted  be  first  discovered. 

212.  Q.  —  How  is  the  power  actually  exerted  by 
engines  ascertained  ? 

A.  —  By  means  of  an  instrument  called  the  in- 
dicator, which  is  a  miniature  cylinder  and  piston  at- 
tached to  the  cylinder  cover  of  the  main  engine,  and 
which  indicates,  by  the  pressure  exerted  on  a  spHng, 
the  amount  of  pressure  or  vacuum  existing  within  the 
cylinder.  From  this  pressure,  expressed  in  pounds 
per  square  inch,  deduct  a  pound  and  a  half  of  pressure 
for  friction,  the  loss  of  power  in  working  the  air 
pump,  &C. ;  multiply  the  area  of  the  piston  in  square 
inches  by  this  residual  pressure,  and  by  the  motion  of 
the  piston,  in  feet  per  minute,  and  divide  by  33,000 ; 
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the  quotient  is  the  actual  number  of  horses  power  of 
the  engine.  The  same  result  is  attained  by  squaring 
the  diameter  of  the  cylinder,  multiplying  by  the  pres- 
sure per  square  inch,  as  shown  by  the  indicator,  less 
a  pound  and  a  half,  and  by  the  motion  of  the  piston^ 
in  feet  per  minute,  and  dividing  by  42,017. 

213.  Q.  —  How  is  the  nominal  power  of  an  engine 
ascertained  ? 

A,  —  Since  the  nominal  power  is  a  mere  conven- 
tional expression,  it  is  clear  that  it  must  be  determined 
by  a  merely  conventional  process.  The  nominal  power 
of  ordinary  condensing  engines  may  be  ascertained  by 
the  following  rule :  multiply  the  square  of  the  diameter 
of  the  cylinder  in  inches,  by  the  velocity  of  the  piston 
in  feet  per  minute,  and  divide  the  product  by  6000 ; 
tiie  quotient  is  the  number  of  nominal  horses  power. 
In  using  this  rule,  however,  it  is  necessary  to  adopt 
the  speed  of  piston  prescribed  by  Mr.  Watt,  which 
varies  with  the  length  of  the  stroke.  The  speed  of 
piston  with  a  2  feet  stroke  is,  according  to  his 
system,  160  per  minute ;  with  a  2  ft.  6  in.  stroke,  170; 
3  ft.,  180 ;  3 ft.  6in.,  189  ;  4 ft,  200 ;  6 ft.,  216 ;  6ft, 
228 ;  7  ft.,  245  ;  8  ft.,  256  ft. 

214.  Q.  — Does  not  the  speed  of  the  piston  increase 
with  the  length  of  the  stroke  ? 

A.  —  It  does :  the  speed  of  the  piston  varies  nearly 
as  the  cube  root  of  the  length  of  the  stroke. 

215.  Q.  —  And  may  not  therefore  some  multiple 
of  the  cube  root  of  the  length  of  the  stroke  be  substi- 
tuted for  the  velocity  of  the  piston  in  determining  the 
nominal  power  ? 

A.  —  The  substitution  is  quite  practicable,  and  will 
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accomplish  some  simplification,  as  the  speed  of  piston 
proper  for  the  different  lengths  of  stroke  cannot 
always  be  remembered.  The  rule  for  the  nominal 
power  of  condensing  engines  when  thus  arranged  will 
be  as  follows  :  multiply  the  square  of  the  diameter  of 
the  cylinder  in  inches  by  the  cube  root  of  the  stroke 
in  feety  and  divide  the  product  by  47 ;  the  quotient  is 
the  number  of  nominal  horses  power  of  the  engine, 
supposing  it  to  be  of  the  ordinary  condensing  descrip- 
tion. This  rule  assumes  the  existence  of  a  uniform 
effectiYO  pressure  upon  the  piston  of  7  lbs.  per  square 
inch ;  Mr.  Watt  estimated  the  effective  pressure  upon 
the  piston  of  his  4  horse  power  engines  at  6*8  lbs.  per 
square  inch,  and  the  pressure  increased  alightly  with 
the  power,  and  became  6*94  lbs.  per  square  inch  in 
engines  of  100  horse  power;  but  it  appears  to  be 
more  convenient  to  take  a  uniform  pressure  of  7  lbs. 
for  all  powers.  Small  engines,  indeed,  are  somewhat 
less  effective  in  proportion  than  large  ones,  but  the 
difference  can  be  made  up  by  slightly  increasing  the 
pressure  in  the  boiler ;  and  smaU  boilers  will  bear 
such  an  increase  without  inconvenience. 

216.  Q. — How  do  you  ascertain  the  power  of  high 
pressure  engines  ? 

A,  —  The  actual  power  is  readily  ascertained  by 
the  indicator,  by  the  same  process  by  which  the  actual 
power  of  low  pressure  engines  is  ascertained.  The 
friction  of  a  locomotive  engine  when  unloaded  is 
found  by  experiment  to  be  about  1  lb.  per  square 
inch  on  the  surface  of  the  pistons,  and  the  additional 
friction  caused  by  any  additional  resistance  is  esti- 
mated at  about  '14  of  that  resistance ;  but  it  will  bo 
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a  sufficiently  near  approximation  to  the  power  con- 
sumed by  friction  in  high  pressure  engines,  if  we 
make  a  deduction  of  a  pound  and  a  half  from  the 
pressure  on  that  account,  as  in  the  case  of  low  pressure 
engines.  High  pressure  engines,  it  is  true,  have  no 
air  pump  to  work  ;  but  the  deduction  of  a  pound  and 
a  half  of  pressure  is  relatively  a  much  smaller  one 
where  the  pressure  is  high,  than  where  it  does  not 
much  exceed  the  pressure  of  the  atmosphere.  The 
rule,  therefore,  for  the  actual  horse  power  of  a  high 
pressure  engine  will  stand  thus :  square  the  diameter 
of  the  cylinder  in  inches,  multiply  by  the  pressure  of 
the  steam  in  the  cylinder  per  square  inch  less  l^lb., 
and  by  the  speed  of  the  piston  in  feet  per  minute,  and 
divide  by  42,017 ;  the  quotient  is  the  actual  horse 
power. 

217.  Q. — But  how  do  you  ascertain  the  nominal 
horse  power  of  high  pressure  engines  ? 

A.  —  The  nominal  horse  power  of  a  high  pressure 
engine  has  never  been  defined ;  but  it  should  obviously 
hold  the  same  relation  to  the  actual  power  as  that 
which  obtains  in  the  case  of  condensing  engines,  so 
that  an  engine  of  a  given  nominal  power  may  be 
capable  of  performing  the  same  work,  whether  high 
pressure  or  condensing.  This  relation  is  maintained 
in  the  following  rule,  which  expresses  the  nominal 
horse  power  of  high  pressure  engines  :  multiply  the 
square  of  the  diameter  of  the  cylinder  in  inches  by 
the  cube  root  of  the  length  of  stroke  in  feet,  and 
divide  the  product  by  15'6.  This  rule  gives  the 
nominal  power  of  a  high  pressure  engine  three  times 
greater  than  that  of  a  low  pressure  engine  of  the 
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some  dimensions ;  the  average  effective  pressure  being 
taken  at  21  lbs.  per  square  inch  instead  of  7  lbs.,  and 
the  speed  of  the  piston  in  feet  per  minute  being  in 
both  rules  128  times  the  cube  root  of  the  length  of 
stroke.* 

218.  Q*  —  Is  128  times  the  cube  root  of  the  stroke 
in  feet  per  minute  the  ordinary  speed  of  all  engines  ? 

A.  — Locomotive  engines  travel  at  a  quicker  speed, 
—  an  innovation  brought  about  not  bj  anj  process  of 
scientific  deduction,  but  by  the  accidents  and  exigencies 
of  railway  transit  Most  other  engines,  however, 
travel  at  about  the  speed  of  128  times  the  cube  root 
of  the  stroke  in  feet;  but  some  marine  condensing 
engines  of  recent  construction  travel  at  as  high  a  rate 
as  700  feet  per  minute.  To  mitigate  the  shock  of  the 
nir  pump  valves  in  cases  in  which  a  high  speed  has 
been  desirable,  as  in  the  case  of  marine  engines  em- 
ployed to  drive  the  screw  propeller  without  interme^ 
diate  gearing,  India  rubber  discs,  resting  on  a  per- 
forated metal  plate,  are  now  generally  adopted ;  but 
the  India  rubber  should  be  very  thick,  and  the  guards 
employed  to  keep  the  discs  down  should  be  of  the 
same  diameter  as  the  discs  themselves. 

219.  Q.  —  Can  you  suggest  any  eligible  method  of 
enabling  condensing  engines  to  work  satisfactorily  at 
a  high  rate  of  speed  ? 

A. — The  most  feasible  way  of  enabling  condensing 
engines  to  work  satisfactorily  at  a  high  speed,  appears 
to  lie  in  the  application  of  balance  weights  to  the 

*  Tables  of  the  hone  power  of  both  high  and  low  pressure 
engines  are  given  in  the  Key. 
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euginc,  so  as  to  balance  the  momentum  of  its  moving 
parts,  and  the  engine  mast  also  be  made  very  strong 
and  rigid.  It  appears  to  be  advisable  to  perform  the 
condensation  partly  in  the  air  pump,  instead  of  alto- 
gether in  the  condenser^  as  a  better  vacuum  and  a 
superior  action  of  the  air  pump  valves  will  thus  be 
obtained.  Engines  constructed  upon  this  plan  may 
be  driven  at  four  times  the  speed  of  common  engines^ 
whereby  an  engine  of  large  power  may  be  purchased 
for  a  very  moderate  price,  and  be  capable  of  being 
put  into  a  very  small  compass;  while  the  motion, 
from  being  more  equable,  will  be  better  adapted  for 
most  purposes  for  which  a  rotary  motion  is  required. 
Even  for  pumping  mines  and  blowing  iron  furnaces, 
engines  of  this  kind  appear  likely  to  come  into  use, 
for  they  are  more  suitable  than  other  engines  for 
driving  the  centrifugal  pump,  which  in  many  cases 
appears  likely  to  supersede  other  kinds  of  pumps  for 
lifting  water ;  and  they  are  also  conveniently  appli- 
cable to  the  driving  of  fans,  which>  when  so  arranged 
that  the  air  condensed  by  one  fan  is  employed  to  feed 
another,  and  so  on  through  a  series  of  3  or  4,  have 
succeeded  in  forcing  air  into  a  furnace  with  a  pres- 
sure of  2^  lbs.  on  the  square  inch,  and  with  a  far 
steadier  flow  than  can  be  obtained  by  a  blast  engine 
with  any  conceivable  kind  of  compensating  apparatus. 
They  are  equally  applicable  if  blast  cylinders  be  em- 
ployed. 

220.  Q.  —  Then,  if  by  this  modification  of  the  en- 
gine you  enable  it  to  work  at  four  times  the  speedy 
you  alKO  enable  it  to  exert  four  times  the  power? 

A. — Yes ;  always  supposing  it  to  be  fully  supplied 
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with  Steam.  The  nominal  power  of  this  new  species 
of  engine  can  readilj  be  ascertained  hy  taking  into 
account  the  speed  of  the  piston,  and  this  is  taken  into 
account  by  the  Admiralty  rule  for  power. 

221.  Q.  —  What  is  the  Admiralty  rule  for  deter- 
mining the  power  of  an  engine  ? 

A.  —  Square  the  diameter  of  the  cylinder  in  inches, 
which  multiply  by  the  speed  of  the  piston  in  feet  per 
minute,  and  divide  by  6000 ;  the  quotient  is  the  power 
of  the  engine  by  Admiralty  rule.* 

222.  Q-  —  The  high  speed  engine  does  not  require 
so  heavy  a  fly  wheel  as  common  engines  ? 

A.  —  No:  the  fly  wheel  will  be  lighter,  both  by 
virtue  of  its  greater  velocity  of  rotation,  and  beoaiise 
the  impulse  communicated  by  the  piston  is  less  in 
amount  and  more  frequently  repeated,  so  as  to  ap- 
proach more  nearly  to  the  condition  of  a  uniform 
pressure. 

223.  Q.  —  Can  nominal  be  transformed  into  actual 
horse  power  ? 

A. — No;  that  is  not  possible  in  the  case  of  common 
condensing  engines.  The  actual  power  exerted  by  an 
engine  cannot  be  deduced  from  its  nominal  power, 
neither  can  the  nominal  power  be  deduced  from  the 
power  actually  exerted,  or  from  anything  else  than 
the  dimensions  of  the  cylinder.  The  actual  horse 
power  being  a  dynamical  unit,  and  the  nominal  horse 


•  JS'xany?^.— What  is  the  power  of  an  engine  of  42  mches  dia- 
meter, 3^  feet  stroke,  and  making  85  strokes  per  minute  ?  The 
speed  of  the  piston  will  he  7  (the  length  of  a  double  stroke)  x 
S5  « 595  feet  per  minute.  Now  42  x  42  ■»  1764  x  595  » 1,049,680 
4*6000=175  horses  power. 
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power  a  measure  of  capacitj  of  the  cjlinder,  are 
obviously  incomparable  things. 

224.  Q. — That  is,  the  nominal  power  is  a  commer- 
eisl  unit  by  which  engines  are  bought  and  sold,  and 
the  actual  power  a  scientific  unit  by  which  the  quality 
of  their  performance  is  determined  ? 

A*  —  Yes  ;  the  nominal  power  is  as  much  a  corn- 
mercial  measure  as  a  yard  or  a  bushel,  and  is  not  a 
thing  to  be  ascertained  by  any  process  of  science,  but 
to  be  fixed  by  authority  in  the  same  manner  as  other 
measures.  The  actual  power,  on  the  contrary,  is  a 
mechanical  force  or  dynamical  efibrt  capable  of  raising 
a  given  weight  through  a  given  distance  in  a  given 
time,  and  of  which  the  amount  is  ascertainable  by 
scientific  investigation. 

225.  Q.  —  Is  there  any  other  measure  of  an  actual 
horse  power  than  33,000  lbs.  raised  one  foot  high  in 
the  minute  ? 

A*  —  There  cannot  be  any  different  measure^  but 
there  are  several  equivalent  measures.  Thus  the 
evaporation  of  a  cubic  foot  of  water  in  the  hour,  or 
the  expenditure  of  33  cubic  feet  of  low  pressure  steam 
per  minute,  is  reckoned  equivalent  to  an  actual  horse 
power^  or  528  cubic  feet  of  water  raised  one  foot  high 
in  the  minute  involves  the  same  result. 


DUTY  OF  ENGINES  AND  BOILEBS. 

226.  Q. — What  is  meant  by  the  duty  of  an  engine  ? 
A, —  The  work  done  in  relation  to  the  fuel  ccn- 

sumed. 

227.  Q. — And  how  is  the  duty  ascertained  ? 
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A. — In  ordinary  mill  or  marine  engines  it  can  only 
be  ascertained  by  the  indicator,  as  the  load  upon  such 
engines  is  variable,  and  cannot  readily  be  determined; 
but  in  the  case  of  engines  for  pumping  water,  where  the 
load  is  constant,  the  number  of  strokes  performed  by  the 
engine  will  represent  the  work  done,  and  the  amount 
of  work  done  by  a  given  quantity  of  coal  represents 
the  duty.  In  Cornwall  the  duty  of  an  engine  is  ex- 
pressed by  the  number  of  millions  of  pounds  raised 
one  foot  high  by  a  bushel,  or  94  lbs.  of  Welsh  coal.  A 
bushel  of  Newcastle  coal  will  only  weigh  84  lbs. ;  and 
in  comparing  the  duty  of  a  Cornish  engine  with  the 
performance  of  an  engine  in  some  locality  where  a 
different  kind  of  coal  is  used,  it  is  necessary  to  pay 
regard  to  such  variations. 

228.  Q. — Can  you  tell  the  duty  of  an  engine  when 
you  know  its  consumption  of  coal  per  horse  power  per 
hour  ? 

A, —  Yes,  if  the  power  given  be  the  actual,  and  not 
the  nominal,  power.  Divide  166*32  by  the  number  of 
pounds  of  coal  consumed  per  actual  horse  power  per 
hour ;  the  quotient  b  the  duty  in  millions  of  pounds. 
If  you  already  have  the  duty  in  millions  of  pounds,  and 
wish  to  know  the  equivalent  consumption  in  pounds 
per  actual  horse  power  per  hour,  divide  166-32  by  the 
duty  in  millions  of  pounds ;  the  quotient  is  the  con- 
sumption per  actual  horse  power  per  hour.  The  duty 
of  a  locomotive  engine  is  expressed  by  the  weight  of 
coke  it  consumes  in  transporting  a  ton  through  the 
distance  of  one  mile  upon  a  railway ;  but  this  is  a  very 
imperfect  method  of  representing  the  duty,  as  the 
tractive  efficacy  of  a  pound  of  coke  becomes  less  as  the 
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speed  of  the  locomotive  becomes  greater ;  and  the  laiv 
of  yariation  is  not  accurately  known. 

229.  Q.  —  What  amount  of  power  is  generated  in 
good  engines  of  the  ordinary  kind  by  a  given  weight 
of  coal  ? 

A.  —  The  duty  of  different  kinds  of  engines  varies 
very  much,  and  there  are  also  great  differences  in  the 
performance  of  different  engines  of  the  same  class.   In 
ordinary  rotative  condensing  engines  of  good  construc- 
tion, 10  lbs.  of  coal  per  nominal  horse  power  per  hour 
is  a  common  consumption ;  but  such  engines  exert 
nearly  twice  their  nominal  power,  so  that  the  con* 
sumption  per  actual  horse  power  per  hour  may  be 
taken  at  from  5  to  6  lbs.    Engines  working  very  ex* 
pansively,  however,  attain  an  economy  much  superior 
to  this.     The  average  duty  of  the  pumping  engines  in 
Cornwall  is  about  60,000,000  lbs.  raised  1  ft  high  by 
a  bushel  of  Welsh  coals,  which  weighs  94  lbs.     This 
ia  equivalent  to  a  consumption  of  3*1  lbs.  of  coal  per 
actual  horse  power  per  hour ;  but  some  engines  reach 
a  duty  of  above  100,000,000,  or  1*74  lbs.  of  coal  per 
actual  horse  power  per  hour.    Locomotives  consume 
from  8  to  10  lbs.  of  coke  in  evaporating  a  cubic  foot 
of  water,  and  the  eraporation  of  a  cubic  foot  of  water 
per  hour  may  be  set  down  as  representing  an  actual 
horse  power  in  locomotives  as  well  as  in  condensing 
engines,  if  expansion  be  not  employed.     When  the 
locomotive  is  worked  expansively,  however,  there  is  of 
coarse  a  less  consumption  of  water  and  fuel  per  horse 
power,  or  per  ton  per  mile,  than  when  the  full  prcs-* 
sure  is  used  throughout  the  stroke ;  and  most  locomo* 
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tives  now  operate  with  as  much  expansion  as  can  be 
conveniently  given  bj  the  slide  valves. 

230.  Q. — ^But  is  not  the  evaporative  power  of  loco* 
motives  afiected  materially  by  the  proportions  of  the 
boiler  ? 

A. — ^Yes,  bat  this  may  be  said  of  all  boilers ;  but  in 
locomotive  boilers^  perhaps,  the  effect  of  any  mispro- 
portion  becomes  more  speedily  manifest.  A  high 
temperature  of  the  fire  box  is  found  to  be  conducive 
to  economy  of  fuel ;  and  this  condition,  in  its  turn,  in- 
volves a  small  area  of  grate  bars.  The  heating  sur- 
face of  locomotive  boilers  should  be  about  80  square 
feet  for  each  square  foot  of  grate  bars,  and  upon  each 
foot  of  grate  bars  about  1  cwt.  of  coke  should  be  burnt 
in  the  hour. 

231.  Q.  —  Probably  the  heat  is  more  rapidly  ab- 
sorbed when  the  temperature  of  the  furnace  is  high  ? 

A, — That  seems  to  be  the  explanation.  The  rapi- 
dity with  which  a  hot  body  imparts  heat  to  a  colder, 
varies  as  the  square  of  the  difference  of  temperature  ; 
so  that  if  the  temperature  of  the  furnace  be  very  high, 
the  larger  part  of  the  heat  passes  into  the  water  at  the 
furnace,  thereby  leaving  little  to  be  transmitted  by  the 
tubes.  If)  on  the  contrary,  the  temperature  of  the 
furnace  be  low,  a  lai^e  part  of  the  heat  will  pass  into 
the  tubes,  and  more  tube  surface  will  be  required  to 
absorb  it.  About  16  cubic  feet  of  water  should  be 
evaporated  by  a  locomotive  boiler  for  each  square  foot 
of  fire  grate,  which,  with  the  proportion  of  heating 
surface  already  mentioned,  leaves  6  square  feet  of 
heating  surface  to  evaporate  a  cubic  foot  of  water  in 
the  hour.     This  is  only  about  half  the  amount  of  sur-* 
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face  usual  in  land  and  marine  boilers  per  cubic  foot 
evaporated,  and  its  small  amount  is  due  altogether 
to  the  high  temperature  of  the  furnace,  which,  bj  the 
rapidity  of  transmission  it  causes,  is  tantamount  to 
an  additional  amount  of  heating  surface. 

232.  Q.  — Tott  hare  sUted  that  the  steam  and 
vacuum  gauges  are  generally  glass  tubes,  up  which 
mercury  is  forced  by  the  steam  or  sucked  by  the 
vacuum  ? 

^.—Vacuum  gauges  are  verj  often  of  this  con- 
struction, but  steam  gauges  more  frequently  consist  of 
a  small  iron  tube,  bent  like  the  letter  U,  and  into 
which  mercury  is  poured.  The  one  end  of  this  tube 
communicates  with  the  boiler,  and  the  other  end  with 
the  atmosphere ;  and  when  the  pressure  of  the  steam 
rises  in  the  boiler,  the  mercury  is  forced  down  in  the 
leg  communicating  with  the  boiler,  and  rises  in  the 
other  leg,  and  the  difference  of  level  in  the  legs  de- 
notes the  pressure  of  the  steam.  In  this  gauge  a  rise 
of  the  mercury  one  inch  in  the  one  leg  involves  a  dif- 
ference of  level  between  the  two  legs  of  two  inches, 
and  an  inch  of  rise  is,  therefore,  equivalent  to  two 
inches  of  mercury,  or  a  pound  of  pressure.  A  small 
float  of  wood  is  placed  in  the  open  leg  to  show  the 
rise  or  fall  of  the  mercury,  and  this  leg  is  surmounted 
by  a  brass  scale,  graduated  in  inches,  to  the  marks  of 
which  the  float  points. 

233.  Q. — What  other  kinds  of  steam  and  vacuum 
gauges  are  there  ? 

A. — There  are  many  other  kinds;  but  probably 
Bourdon's  gauges  are  now  in  more  extended  use  than 
any  other,  and  their  operation  has  been  &und  to  be 
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satisfactorj  in  practice.  The  principle  of  their  action 
may  be  explained  to  be,  that  a  thin  elliptical  metal 
tube,  if  bent  into  a  ring,  will  seek  to  coil  or  uncoil 
itself  if  subjected  to  external  or  internal  pressure,  and 
to  an  extent  proportional  to  the  pressure  applied* 
The  end  of  the  tube  is  sharpened  into  an  index,  and 
moves  to  an  extent  corresponding  to  the  pressure  ap- 
plied to  the  tube ;  but  in  the  more  recent  forms  of  this 
apparatus,  a  dial  and  hand,  like  those  of  a  clock,  are 
employed,  and  the  hand  ia  moved  round  by  a  toothed 
sector  connected  to  the  tube,  and  which  sector  acts  on 
a  pinion  attached  to  the  hand.  Mr.  Shank,  of  Paisley, 
has  lately  introduced  a  form  of  steam  gauge  like  a 
thermometer,  with  a  flattened  bulb  ;  and  the  pressure 
of  the  steam,  by  compressing  the  bulb,  causes  the 
mercury  to  rise  to  a  point  proportional  to  the  pressure 
applied. 

THE  IXDICATOH. 

234.  Q. — You  have  already  stated  that  the  actual 
power  of  an  engine  is  ascertained  by  an  instrument 
called  the  indicator,  which  consists  of  a  small  cylinder 
with  a  piston  moving  against  a  spring,  and  compress- 
ing it  to  an  extent  answerable  to  the  pressure  of  the 
steam.  Will  you  explain  further  the  structure  and 
mode  of  using  that  instrument  ? 

A. — The  structure  of  the  common  form  of  indicator 
will  be  most  readily  apprehended  by  a  reference  to 
fig.  29.,  which  is  a  section  of  M 'Naught's  indicator. 
Upon  a  movable  barrel  a,  a  piece  of  paper  is  wound, 
the  ends  of  which  are  secured  by  the  sb'ght  brass 
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clamps  shown  in  the  drawing.     The  barrel  is  snp- 
ported  by  the  bracket  ft,  proceeding  from  the  body  of 
Fig.  29.  ^^^^  indicator,  and  at  the  bottom 

A  of  the  barrel  a  watch  spring  is 

11  coiled  with  one  end  attached  to 

'  C  3|  the  barrel  and  the  other  end  to 

the  bracket,  so  that  when  the 
barrel  is  drawn  round  by  a  string 
wound  upon  its  lower  end  like  a 
roller  blind,  the  spring  returns 
the  barrel  to  its  original  position 
when  the  string  is  relaxed.  The 
string  is  attached  to  some  suit- 
able part  of  the  engine,  and  at 
D  every  stroke  the  string  is  drawn 
out,  turning  round  the  barrel,  and 
the  barrel  is  returned  again  by 
the  spring  on  the  return  stroke. 

235.  Q. — But  in  what  way  can 
these  reciprocations  of  the  barrel 
determine  the  power  of  the  engine  ? 
A, — They  do  not  determine  it 
of  themselves,  but  are  only  part 
of  the  operation,  o  is  a  small 
piston  moving  steam  tight  in  a 
cylinder,  d  is  the  piston  rod,  and 
e  a  spiral  spring  of  steel,  which  the  piston,  when 
forced  upwards  by  the  steam  or  sucked  downwards 
by  the  vacuum,  either  compresses  or  extends  ;  /  is  a 
cock  attached  to  the  cylinder  of  the  indicator,  and 
which  is  screwed  into  the  cylinder  cover.  It  is 
obvious  that|  so  soon  as  this  cock  is  opened,  the 
L 


M'Nacght*!  Indicatoe. 


146         EXPLANATION   OF    INDICATOR  DIAGRAM. 

piston  c  will  be  forced  up  when. the  space  above  the 
piston  of  the  engine  is  opened  to  the  boiler,  and  sacked 
down  when  that  space  is  opened  to  t)ie  condenser — 
in  each  case  to  an  extent  proportionate  to  the  pressure 
of  the  steam  or  the  perfection  of  the  vacuum,  the  top 
of  the  piston  c  being  open  to  the  atmosphere.  A 
pencil,  with  a  knife  hinge,  is  inserted  into  the  piston 
rod  at  €f  and  the  point  of  the  pencil  bears  upon  the 
surface  of  the  paper  wound  upon  the  drum  A.  If  the 
drum  A  did  not  revolve,  this  pencil  would  merely 
trace  on  the  paper  a  vertical  line ;  but  as  the  drum  a 
moves  round  and  back  again  every  stroke  of  the 
engine,  and  as  the  pencil  moves  up  and  down  again 
every  stroke  of  the  engine,  the  combined  movements 
trace  upon  the  paper  a  species  of  rectangle,  which  is 
called  an  indicator  diagram;  and  the  nature  of  this 
diagram  determines  the  nature  of  the  engine's  per- 
formance. 

236.  Q.— How  does  it  do  this? 

A.  —  It  is  clear  that  if  the  pencil  was  moved  up  in- 
stantaneously to  the  top  of  its  stroke,  and  was  also 
moved  down  instantaneously  to  the  bottom  of  its 
stroke,  and  if  it  remained  without  fluctuation  while  at 
the  top  and  bottom,  the  figure  described  by  the  pencil 
would  be  a  perfect  rectangle,  of  which  the  vertical 
height  would  represent  the  total  pressure  of  the 
steam  and  vacuum,  and  therefore  the  total  pressure 
urging  the  piston  of  the  engine.  But  in  practice  the 
pencil  will  neither  rise  nor  fall  instantaneously,  nor 
will  it  remain  at  a  uniform  height  throughout  the 
stroke.  If  the  steam  be  worked  expansively  the 
pressure  will  begin  to  fall  so  soon  as  the  steam  is  cut 
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off;  and  at  the  end  of  the  stroke,  when  the  steam  comes 
to  be  discharged,  the  subsidence  of  pressure  will  not 
be  instantaneous,  but  will  occupy  an  appreciable  time. 
It  is  clear,  therefore,  that  in  no  engine  can  the 
diagram  described  by  an  indicator  be  a  complete 
rectangle;  but  the  more  nearly  it  approaches  to  a 
rectangle  the  larger  will  be  the  power  produced  at 
every  stroke  with  any  given  pressure,  and  the  area  of 
the  space  included  within  the  diagram  will  in  every 
case  accurately  represent  the  power  exerted  by  the 
engine  during  that  stroke. 

237.  Q. — And  how  is  this  area  ascertained  ? 

A, — ^It  may  be  ascertained  in  various  ways ;  but  the 
usual  mode  is  to  take  the  vertical  height  of  the 
diagram  at  a  number  of  equidistant  points  on  a  base 
line,  and  then  to  take  the  mean  of  these  several 
heights  as  representative  of  the  mean  pressure  actu- 
ally urging  the  piston.  Now  if  you  have  the  pressure 
on  the  piston  per  squars  inch,  and  if  you  know  the 
number  of  square  inches  in  its  area,  and  the  velocity 
with  which  it  moves  in  feet  per  minute,  you  have 
obviously  the  dynamical  effort  of  the  engine,  or,  in 
other  words,  its  actual  power. 

238.  Q. — How  is  the  base  line  you  have  referred  to 
obtained? 

A, — In  proceeding  to  take  an  indicator  diagram 
the  first  thing  to  be  done  is  to  allow  the  barrel  to 
make  two  or  three  reciprocations  with  the  pencil 
resting  against  it,  before  opening  the  cock  attached  to 
the  cylinder.  There  will  thus  be  traced  a  horizontal 
line,  which  is  called  the  atmospheric  line^  and  in-  con- 
densing engines,  a  part  of  the  diagram  will  be  above 
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and  a  part  of  it  below  this  line ;  whereas,  in  high 
pressure  engines  the  whole  of  the  diagram  will  be 
above  this  line.  Upon  this  line  the  vertical  ordinates 
may  be  set  off  at  equal  distances,  or  upon  anj  base 
line  parallel  to  it;  but  the  usual  course  is  to  erect  the 
ordinates  on  the  atmospheric  line. 

239.  Q. — Will  you  give  an  example  of  an  indicator 
diagram  ? 

A. — Fig,  30.  is  an  indicator  diagram  taken  from  a 

Ffg.tO,      . 
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Indicator  Diaoraii. 

high  pressure  engine,  and  the  waving  line  a,byC^ 
forming  a  sort  of  irregular  parallelogram,  is  that 
which  is  described  by  the  pencil.  As  there  is  no 
vacuum  in  this  engine  the  atmospheric  line  will  be 
below  the  diagram,  and  it  is  represented  by  the  line 
A  B.  The  scale  at  the  side  shows  the  pressure  of  the 
Hteam,  which  in  this  engine  rose  to  a  little  over  60  lbs. 
per  square  inch.    The  steam  begins  to  be  cut  off 
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when  about  one-fourth  of  the  stroke  has  been  per- 
formed, and  the  pressure  consequently  falls.  The 
rounding  away  of  the  right  hand  corner  of  the  dia 
gram,  shows  that  the  steam  has  been  compressed  on  the 
reverse  side  of  the  piston  by  shutting  the  valve  before 
the  end  of  the  stroke. 

240.  Q.  —  Is  this  species  of  indicator  which  you 
have  just  described  applicable  to  locomotive  engines? 
A. — It  is  no  doubt  applicable  under  suitable  con- 
ditions ;  but  another  species  of  indicator  has  been 
applied  by  Mr.  Gooch  to  locomotive  engines,  which 
presents  several  features  of  superiority  for  such  a 
purpose. 

This  indicator,  which  is  represented  in  fig.  31.,  ha.s 
jj^  jj^  its  cylinder  H,  placed 

horizontally ;    and    its 
piston    a     compresses 
two  elliptical   springs 
jqte  i:    6  is  the    coupling 

fr  ^  1    H   h  It  which  connects  the  in- 

K\    \\ — _ni!  .  dicator   with    the   en- 

gine; e  a  slide  valve^ 
which  is  here  substi- 
tuted for  a  cock,  to 
open  or  close  the  com- 
munication with  the 
engine;  and  d  is  a 
passage  to  enable  any  condensed  steam  which  may 
accomulate  to  be  blown  out.  The  top  of  the  piston 
rod  of  this  indicator  is  connected  to  the  short  arm 
of  a  smaller  lever,  to  the  longer  arm  of  which  the 
pencil  is  attached,  and  the  pencil  has  thus  a  consider- 
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ably  larger  amount  of  motion  than  the  piston ;  but  it 
moves  in  the  arc  of  a  circle  instead  of  in  a  straight 
line.  The  pencil  marks  on  a  web  of  paper,  which  is 
unwound  from  one  drum  and  wound  on  to  another,  so 
that  a  succession  of  diagrams  are  taken  without  the 
necessity  of  any  intermediate  manipulation. 

241.   Q.  —  These  diagrams    being  taken  with    a 
pencil  moving  in  an  arc,  will  be  oC  a  distorted  form  ? 


Fig.  82. 
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A.  —  They  will  not  be  of  the  usual  form,  but  they 
may  easily  be  translated  into  the  usual  form.     Fig, 


Fig,n, 


GoocH*B  DiAORAM,  BM  translated  to  the  common  form. 

32.  is  one  of  Gooch's  diagrams,  as  taken ;  and  Jig,  33. 
is  one  of  Gooch's  diagrams^  as  translated  by  Mr 
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Clarke,  and  in  which  allowance  is  made  for  the 
various  disturbing  inflaences  existing.  To  save  the 
trouble  of  such  reductions,  however,  it  is  undoubtedly 
preferable  that  the  indicator  should  act  immediately 
in  the  production  of  the  final  form  of  diagram. 

DTNAMOMETBR,  GAUGES,  Ain>  CATABACT. 

242.  Q.  —  What  other  gauges  or  instruments  are 
there  for  telling  the  state,  or  regulating  the  power  of 
an  engine  ? 

A»  —  There  is  the  counter  for  telling  the  number 
of  strokes  the  engine  makes,  and  the  dynamometer  for 
ascertaining  the  tractive  power  of  steam  vessels  or 
locomotives;  then  there  are  the  gauge  cocks,  and 
glass  tubes,  or  floats»  for  telling  the  height  of  water  in 
the  boiler;  and  in  pumping  engines  there  is  the 
cataract  for  regulating  the  speed  of  the  engine. 

243.  Q. — Will  you  describe  the  mechanism  of  the 
counter  ? 

A. — The  counter  consists  of  a  train  of  wheel  work, 
so  contrived  that  by  every  stroke  of  the  engine 
an  index  hand  is  moved  forward  a  certain  space, 
whereby  the  number  of  strokes  made  by  the  engine 
in  any  given  time  is  accurately  recorded.  In  most 
cases  the  motion  is  communicated  by  means  of  a 
detent,  —  attached  to  some  reciprocating  part  of  the 
engine, — ^to  a  ratchet  wheel  which  gives  motion  to  the 
other  wheels  in  its  slow  revolution  :  but  it  is  pre- 
ferable to  derive  the  motion  from  some  revolving  part 
of  the  engine  by  means  of  an  endless  screw,  as  where 
the  ratchet  is  used  the  detent  will  sometimes  fail  to 
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caiTj  it  round  the  proper  distance.  In  the  coanter 
contrived  by  Mr.  Adie,  an  endless  screw  works  into 
the  rim  of  two  small  wheels  situated  on  the  same  axis, 
but  one  wheel  having  a  tooth  more  than  the  other, 
whereby  a  differential  motion  is  obtained ;  and  the 
difference  in  the  velocity  of  the  two  wheels,  or  their 
motion  upon  one  another,  expresses  the  number  of 
strokes  performed.  The  endless  screw  is  attached  to 
some  revolving  part  of  the  engine,  whereby  a  rotatory 
motion  is  imparted  to  it ;  and  the  wheels  into  whicli 
the  screws  work  hang  down  from  it  like  a  pendulum, 
and  are  kept  stationary  by  the  action  of  gravity. 

244.   Q — What  is  the  nature  of  the  dynamometer? 

A,  —  Tiie  dynamometer  employed  for  ascertaining 
the  traction  upon  railways  consists  of  two  flat  springs 
joined  together  at  the  ends  by  links,  and  the  amount 
of  separation  of  the  springs  at  the  centre  indicates,  by 
means  of  a  suitable  hand  and  dial,  the  force  of 
traction.  A  cylinder  of  oil,  with  a  small  hole  through 
its  piston,  is  sometimes  added  to  this  instrument  to 
prevent  sudden  fluctuations.  In  screw  vessels  the 
forward  thrust  of  the  screw  is  measured  by  a  dynamo- 
meter constructed  on  the  principle  of  a  weighing 
machine,  in  which  a  small  spring  pressure  at  the 
index  will  balance  a  very  great  pressure  where  the 
thrust  is  applied ;  and  in  each  case  the  variations  of 
pressure  ard  recorded  by  a  pencil  on  a  sheet  of  paper, 
carried  forward  by  suitable  mechanism,  whereby  the 
mean  thrust  is  easily  ascertained.  The  tractive  force 
of  paddle  wheel  steamers  is  ascertained  by  a  dynamo- 
meter flxed  on  shore,  to  which  the  floating  vessel  is 
attached  by  a  rope.     Sometimes  the  power  of  an 
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engine  is  ascertained  by  a  friction  break   dynamo- 
meter applied  to  the  shaft. 

245.  Q.  —  What  will  determine  the  amount  of 
thrust  shown  by  the  dynamometer  ? 

A,  —  In  locomotives  and  in  paddle  steamers  it  will 
be  determined  by  the  force  turning  the  wheels,  and 
by  the  smallness  of  the  diameter  of  the  wheels ;  for 
with  small  wheels  the  thrust  will  be  greater  than  with 
large  wheels.  In  screw  vessels  the  thrust  will  be 
determined  by  the  force  turning  round  the  screw,  and 
by  the  smallness  of  the  screw's  pitch ;  for  with  any 
given  force  of  torsion  a  fine  pitch  of  screw  will  give 
a  greater  thrust  than  a  coarse  pitch  of  screw,  just  as 
is  the  case  when  a  screw  works  in  a  solid  nut 

246.  Q.  —  Will  you  explain  the  use  of  the  glass 
gauges  affixed  to  the  boiler  ? 

A. — The  glass  gauges  are  tubes  affixed  to  the  fronts 
of  boilers,  by  the  aid  of  which  the  height  of  the  water 
within  the  boilers  is  readily  ascertainable,  for  the 
water  will  stand  at  the  same  height  in  the  tube  as  in 
the  boiler,  with  which  there  is  a  communication 
maintained  both  at  the  top  and  bottom  of  the  tube  by 
suitable  stopcocks.  The  cocks  connecting  the  glass 
tube  with  the  boiler  should  always  be  so  constructed 
that  the  tube  may  be  blown  through  with  the  steam, 
to  clear  it  of  any  internal  concretion  that  may  imjllur 
its  transparency ;  and  the  construction  of  the  sockets 
in  which  the  tube  is  inserted  should  be  such,  that, 
even  when  there  is  steam  in  the  boiler,  a  broken  tube 
may  be  replaced  with  facility. 

247.  Q.  —  What  then  are  the  gauge  cocks  ? 

A.  —  The  gauge  cocks  are  cocks  penetrating  the 
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boiler  at  different  heights,  and  which,  when  opened, 
tell  whether  it  is  water  or  steam  that  exists  at  the 
'  level  at  which  they  are  respectively  inserted.  It  is 
unsafe  to  trust  to  the  glass  gauges  altogether  as  a 
means  of  ascertaining  the  water  level,  as  sometimes 
they  become  choked,  and  it  is  necessary,  therefore,  to 
have  gauge  cocks  in  addition ;  but  if  the  boiler  be 
short  of  steam,  and  a  partial  vacuum  be  produced 
within  it,  the  glass  gauges  become  of  essentiiJ  service^ 
as  the  gauge  cocks  will  not  operate  in  such  a  case,  for 
though  opened,  instead  of  steam  and  water  escaping 
from  them,  the  air  will  rush  into  the  boiler.  It  is 
expedient  to  carry  a  pipe  from  the  lower  end  of  the 
glass  tube  downward  into  the  water  of  the  boiler,  and 
a  pipe  from  the  upper  end  upward  into  the  steam  in 
the  boiler,  so  as  to  prevent  the  water  from  boiling 
down  through  the  tube,  as  it  might  otherwise  do,  and 
prevent  the  level  of  the  water  from  being  ascertain- 
able. The  average  level  of  water  in  the  boiler  should 
be  above  the  centre  of  the  tube  ;  and  the  lowest  of  the 
gauge  cocks  should  always  run  water,  and  the  highest 
should  always  blow  steam. 

248.  Q.  —  Is  not  a  float  sometimes  employed  to 
indicate  the  level  of  the  water  in  the  boiler  ? 

A.  —  A  float  for  telling  the  height  of  water  in  the 
boiler  is  employed  only  in  the  case  of  land  boilers, 
and  its  action  is  like  that  of  a  buoy  floating  on  the 
surface,  which,  by  means  of  a  light  rod  passing  verti- 
cally through  the  boiler,  shows  at  what  height  the 
water  stands.  The  float  is  usually  formed  of  stone  or 
iron,  and  is  so  counterbalanced  as  to  make  its  opera- 
tion the  same  as  if  it  were  a  buoy  of  timber  ;  and  it 
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is  generally  put  in  connection  with  the  feed  valve,  so 
that  in  proportion  as  the  f  oat  rises,  the  supply  of 
feed  water  is  diminished.  The  feed  water  in  land 
boilers  is  admitted  from  a  small  open  cistern,  situated 
at  the  top  of  an  upright  or  stand  pipe  set  upon  the 
boiler,  and  in  which  there  is  a  column  of  water  suffi- 
ciently high  to  balance  the  pressure  of  the  steam. 

249.  Q.  —  What  is  the  cataract  which  is  employed 
to  regulate  the  speed  of  pumping  engines  ? 

A. — The  cataract  consists  of  a  small  pump-plunger 
and  barrel,  set  in  a  cistern  of  water,  the  barrel  being 
famished  on  the  one  side  with  a  valve  opening  in- 
wards, through  which  the  water  obtains  admission  to 
the  pump  chamber  from  the  cistern,  and  on  the  other 
by  a  cock,  through  which,  if  the  plunger  be  forced 
down,  the  water  must  pass  out  of  the  pump  chamber. 
The  engine  in  the  upward  stroke  of  the  piston,  which 
is  accomplished  by  the  preponderance  of  weight  at 
the  pump  end  of  the  beam,  raises  up  the  plunger  of 
the  cataract  by  means  of  a  small  rod,  —  the  water 
entering  readily  through  the  valve  already  referred 
to ;  and  when  the  engine  reaches  the  top  of  the 
stroke,  it  liberates  the  rod  by  which  the  plunger  has 
been  drawn  up,  and  the  plunger  then  descends  by 
gravity,  forcing  out  the  water  through  the  cock,  the 
orifice  of  which  has  previously  been  adjusted,  and  the 
plunger  in  its  descent  opens  the  injection  valve,  which 
causes  the  engine  to  make  a  stroke. 

250.  Q. — Suppose  the  cock  of  the  cataract  be  shut  ? 
A,  —  If  the  cock  of  the  cataract  be  shut,  it  is  clear 

that  the  plunger  cannot  descend  at  all,  and  as  in  that 
case  the  injection  valve  cannot  be  opened,  the  engine 
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must  Stand  still ;  but  if  the  cock  be  slightly  opened 
the  plunger  will  descend  slowlj,  the  injection  valve 
will  slowly  open,  and  the  engine  will  make  a  gradual 
stroke  as  it  obtains  the  water  necessary  for  condensa- 
tion. The  extent  to  which  the  cock  is  open,  therefore, 
will  regulate  the  speed  with  which  the  engine  works ; 
so  that,  by  the  use  of  the  cataract,  the  speed  of  the 
engine  may  be  varied  to  suit  the  variations  in  the 
quantity  of  water  requiring  to  be  lifted  from  the 
mine.  In  some  cases  an  air  cylinder,  and  in  other 
cases  an  oil  cylinder,  is  employed  instead  of  the 
apparatus  just  desciibed  ;  but  the  principle  on  which 
the  whole  of  these  contrivances  operate  is  identical, 
and  the  only  difference  is  in  the  detail. 

251.  Q.  —  You  have  now  shown  that  the  perform- 
ance of  an  engine  is  determinable  by  the  indicator ; 
but  how  do  you  determine  the  power  of  the  boiler  ? 

A. — Bj  the  quantity  of  water  it  evaporates.  There 
are  now  various  forms  of  water-meter  which  ac- 
curately determine  the  quantity  of  water  flowing 
through  them  ;  so  that  the  volume  of  the  feed  water, 
and  also  of  the  oondensing  water,  may  now  be  readily 
ascertained. 
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HEATING  AND   FIllE   GRATE   ST7RFACE. 

252.  Q. — What  are  the  considerations  which  must 
chieflj  be  attended  to  in  settling  the  proportions  of 
boilers? 

A* —  In  the  first  place  there  must  be  sufficient  grate 
surface  to  enable  the  quantity  of  coal  requisite  for  the 
production  of  the  steam  to  be  conveniently  burnt, 
taking  into  account  the  intensity  of  the  draught;  and  in 
tbe  next  place  there  must  be  a  sufficient  flue  surface 
readily  to  absorb  the  heat  thus  produced,  so  that  there 
may  be  no  needless  waste  of  heat  by  the  chimney. 
The  flues,  moreover,  must  have  such  an  area,  and  the 
chimney  must  be  of  such  dimensions,  as  will  enable  a 
suitable  draught  through  the  fire  to  be  maintained ;  and 
finally  the  boiler  must  be  made  capable  of  containing 
such  supplies  of  water  and  steam  as  will  obviate  in- 
convenient fluctuations  in  the  water  level,  and  abate 
the  risk  of  water  being  carried  over  into  the  engine 
with  the  steam.  With  all  these  conditions  the  boiler 
must  bo  as  light  and  compact  as  possible,  and  most. be 
so  contrived  as  to  be  capable  of  being  cleaned  and 
repaired  with  facility.    Finally  it  must  be  strong. 
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253.  Q.  —  Supposing,  then,  that  you  had  to  propor- 
tion a  boiler,  which  should  be  capable  of  supplying 
steam  sufficient  to  propel  a  steam  vessel  or  railway 
train  at  a  given  speed,  or  to  perform  any  other  given 
work,  how  would  you  proceed  ? 

A,  —  I  would  first  ascertain  the  resistance  which 
had  to  be  overcome,  and  the  velocity  with  which  it 
was  necessary  to  overcome  it.  I  should  then  be  in  a 
position  to  know  what  pressure  and  volume  of  steam 
were  required  to  overcome  the  resistance  at  the  pre- 
scribed rate  of  motion ;  and,  finally,  I  should  allow  a 
sufficient  heating  and  fire  grate  surface  in  the  boiler 
according  to  the  kind  of  boiler  it  was,  to  furnish  the 
requisite  quantity  of  steam,  or,  in  other  words,  to 
evaporate  the  requisite  quantity  of  water. 

254.  Q,  —  Will  you  state  the  amount  of  heating 
surface  and  grate  surface  necessary  to  evaporate  a 
given  quantity  of  water  ? 

A,  —  The  number  of  square  feet  of  heating  or  flue 
surface,  required  to  evaporate  a  cubic  foot  of  water 
per  hour,  is  about  70  square  feet  in  Cornish  boilers,  8 
to  11  square  feet  in  land  and  marine  boilers^  and  5  or 
6  square  feet  in  locomotive  boilers.  The  number  of 
square  feet  of  heating  surface  per  square  foot  of  fire 
grate^  is  from  13  to  15  square  feet  in  waggon  boilers ; 
about  40  square  feet  in  Cornish  boilers ;  and  from  50 
to  90  square  feet  in  locomotive  boilers.  About  80 
square  feet  in  locomotives  is  a  very  good  proportion. 

255.  Q.  —  What  is  the  heating  surface  of  boilers 
per  horse  power  ? 

A, — About  9  square  feet  of  flue  and  furnace  surface 
per  horse  power  is  the  usual  proportion  in  waggoa 
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boilers,  reckoning  the  total  surface  as  effective  surface, 
if  the  boilers  be  of  a  considerable  size ;  but  in  the  case 
of  small  boilers  the  proportion  is  larger.  The  total 
heating  surface  of  a  two  horse  power  waggon  boiler 
is,  according  to  Boulton  and  Watt's  proportions,  30 
square  feet,  or  15  ft.  per  horse  power ;  whereas,  in  the 
case  of  a  45  horse  power  boiler  the  total  heating 
surface  is  438  square  feet,  or  9*6  ft.  per  horse  power. 
In  marine  boilers  nearlj  the  same  proportions  obtain. 
The  original  boilers  of  the  Great  Western  steamer, 
hj  Messrs.  Mandslay,  were  proportioned  with  about 
10  square  feet  of  flue  and  furnace  surface  per  horse 
power,  reckoning  the  total  amount  as  effective ;  but 
in  the  boilers  of  the  Retribution,  by  the  same 
makers,  but  of  larger  siase,  a  somewhat  smaller  pro- 
portion of  heating  surface  was  adopted.  Boulton  and 
Watt  have  found  that  in  their  marine  flue  boilers,  9 
square  feet  of  flue  and  furnace  surface  are  requisite 
to  boil  off  a  cubic  foot  of  water  per  hour,  which  is  the 
proportion  of  heating  surface  that  is  allowed  in  their 
land  boilers  per  horse  power;  but  inasmuch  as  in 
most  modem  engines,  and  especially  in  marine 
engines,  the  nominal  very  much  exceeds  the  actual 
power,  they  allow  very  much  more  heating  surface 
than  this  per  nominal  horse  power  in  their  marine 
boilers,  and  they  reckon  as  effective  heating  surface 
the  tops  of  the  flues,  and  the  whole  of  the  sides  of  the 
flues,  but  not  the  bottoms.  For  their  land  engines 
they  still  retain  Mr.  Watt's  standard  of  power,  which 
makes  the  actual  and  the  nominal  power  identical ; 
and  an  actual  horse  power  is  the  equivalent  of  a  cubic 
foot  of  water  raised  into  steam  every  hour. 
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256*  Qi  —  What  is  the  proper  proportion  of  fire 
grate  per  horse  power  ? 

A. — Boulton  and  Watt  allow  0-64  of  a  square  foot 
area  of  grate  bars  per  nominal  horse  power  in  their 
marine  boilers,  and  a  good  effect  arises  from  this  pro- 
portion ;  but  sometimes  so  large  an  area  of  fire  grate 
cannot  be  convenientlj  got,  and  the  proportion  of  half 
a  square  foot  per  horse  power,  which  is  the  proportion 
adopted  in  the  original  boiler  of  the  Great  Western, 
seems  to  answer  very  well  in  engines  working  with  a 
moderate  pressure,  and  with  some  expansion ;  and  this 
proportion  is  now  yery  widely  adopted.*  With  this 
allowance,  there  will  be  22  to  24  square  feet  of 
heating  surface  per  square  foot  of  fire  grate  ;  and  if 
the  consumption  of  fuel  be  taken  at  6  lbs.  per  nominal 
horse  power  per  hour,  there  will  be  about  12  lbs.  of 
coal  consumed  per  hour  on  each  square  foot  of  grate. 
The  furnaces  should  not  be  more  than  6  ft  long,  as,  if 
much  longer  than  this,  it  will  be  impossible  to  work 
them  properly  for  any  considerable  length  of  time,  as 
they  will  become  choked  with  clinker  at  the  back  ends. 

257.  Q.  —  What  quantity  of  fuel  is  usually  con- 
sumed per  hour,  on  each  square  foot  of  fire  grate  ? 

A, — The  quantity  of  fuel  burned  on  each  square 
foot  of  fire  grate  per  hour,  varies  very  much  in  dif- 
ferent boilers:  in  waggon  boilers  it  is  from  10  to 
131b8. ;  in  Cornish  boilers  from  3^  to  4 lbs.;  and  in 
locomotive  boilers  from  80  to  150 lbs.;  but  about 
1  cwt.  per  hour  is  a  good  proportion  in  locomotives^ 
as  has  been  already  explained. 

*  These  proportions  of  marine  boilers  are  now  antiquated. 
The  modem  proportions  will  be  foand  in  the  Introduction. 
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CALOBIMETEB  AND  TENT. 

258.  Q. — In  what  manner  are  the  proper  sectional 
area  and  the  proper  capacity  of  the  flue  of  a  boiler  de- 
termined ? 

A.  —  The  proper  collective  area  for  the  escape  of 
the  smoke  and  flame  oyer  the  furnace  bridges  in 
marine  boilers  is  19  square  inches  per  nominal  horse 
power,  according  to  Boulton  and  Watt's  practice,  and 
for  the  sectional  area  of  the  flue  thej  allow  18  square 
inches  per  horse  power.  The  sectional  area  of  the 
flue  in  square  inches  is  what  is  termed  the  calorimeter 
of  the  boiler,  and  the  calorimeter  divided  bj  the 
length  of  the  flue  in  feet  is  what  is  termed  the  veitL 
In  marine  flue  boilers  of  good  construction  the  vent 
varies  between  the  limits  of  20  and  26,  according  to 
the  size  of  the  boiler  and  other  circumstances  —  the 
largest  boilers  having  generally  the  largest  vents; 
and  the  calorimeter  divided  bj  the  vent  will  give  the 
length  of  the  flue  in  feet  The  flues  of  all  flue  boilers 
diminish  in  their  calorimeter  as  thej  approach  the 
chimney,  as  the  smoke  contracts  in  its  volume  in  pro-» 
portion  as  it  parts  with  its  heat. 

259.  Q. — Is  the  method  of  determining  the  dimen* 
sions  of  a  boiler  flue,  by  a  reference  to  its  vent  and 
calorimeter,  the  method  generally  pursued  ? 

A»  -^It  is  Boulton  and  Watt's  method ;  but  some 
very  satisfactory  boilers  have  been  made  by  allowing 
a  proportion  of  0-6  of  a  square  foot  of  fire  grate  per 
nominal  horse  power,  and  making  the  sectional  area 
of  the  flue  at  the  largest  part  \th.  of  the  area  of  fire 
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grate,  and  at  the  smallest  part,  where  it 'enters  the 
chimney,  -^th  of  the  area  of  the  fire  grate.  These 
proportions  are  retained  whether  the  boiler  is  fine  or 
tubular,  and  from  14  to  16  square  feet  of  tube  surface 
is  allowed  per  nominal  horse  power. 

260.  Q.  —  Are  the  proportions  of  vent  and  calori- 
meter, taken  bj  Boulton  and  Watt  for  marine  flue 
boilers,  applicable  also  to  waggon  and  tubular  boilers  ? 

A, — No.  In  waggon  and  tubular  boilers  very 
different  proportions  prevail,  yet  the  proportions  of 
every  kind  of  boiler  are  determinable  on  the  same 
general  principle.  In  waggon  boilers  the  proportion 
of  the  perimeter  of  the  flue  which  is  effective  as 
heating  surface,  is  to  the  total  perimeter  as  1  to  3,  or, 
in  some  cases  as  1  to  2*5 ;  and  with  any  given  area  of 
flue,  therefore,  the  length  of  the  flue  must  be  from  3 
to  2*5  times  greater  than  would  be  necessary  if  the 
total  surface  were  effective,  else  the  requisite  quantity 
of  heating  surface  will  not  be  obtained.  If  then  the 
vent  be  the  calorimeter  divided  by  the  length,  and  the 
length  be  made  3  or  2*5  times  greater,  the  vent  must 
become  3  or  2*5  times  less;  and  in  waggon  boilers 
accordingly  the  vent  varies  from  8  to  11  instead  of 
from  21  to  2S^  as  in  the  case  of  marine  flue  boilers. 
In  tubular  marine  boilers  the  calorimeter  is  usually 
made  only  about  half  the  amount  allowed  by  Bonltoa 
and  Watt  for  marine  flue  boilers,  or,  in  other  words, 
the  collective  sectional  area  of  the  tubes,  for  the  trans- 
mission of  the  smoke,  is  from  8  to  9  square  inches  per 
nominal  horse  power.  It  is  better,  however,  to  make 
the  sectional  area  larger  than  this,  and  to  work  the 
boiler  with  the  damper  sufliciently  closed  to  prevent 
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tbe  smoke  and  flame  from  rushing  ezdasively  throagh 
a  few  of  the  tubes. 

261.  Q.*-What  are  the  ordinary  dimensions  of 
the  flue  in  waggon  boilers  ? 

A. — In  Boolton  and  Watt's  45  horse  waggon  boiler 
the  area  of  flue  is  18  square  inches  per  horse  power, 
but  the  area  per  horse  power  increases  very  rapidlj 
as  the  size  of  the  boiler  becomes  less,  and  amounts  to 
about  80  square  inches  per  horse  power  in  a  boiler  of 
2  horse  power.  Some  such  increase  is  obviouslj 
ineyitable,  if  a  similar  form  of  flue  be  retained  in  the 
larger  and  smaller  powers,  and  at  the  same  time  the 
elongation  of  the  flue  in  the  same  proportion  as  the 
Increase  of  any  other  dimension  is  prerented ;  but  in 
the  smaller  class  of  waggon  boilers  the  consideration 
of  facility  of  cleaning  the  flues  is  also  operative  in 
inducing  a  large  proportion  of  sectional  area.  Boulton 
and  Watt's  2  horse  power  waggon  boiler  has  3Q 
square  feet  of  surface,  and  the  flue  is  18  inches  high 
above  the  level  of  the  boiler  bottom,  by  9  inches  wide ; 
while  their  12  horse  waggon  boiler  has  118  square 
feet  of  heating  surface,  and  the  dimensions  of  the  flue 
similarly  measured  are  36  inches  by  13  inches.  The 
width  of  the  smaller  flue,  if  similarly  proportioned  to 
the  larger  one,  would  be  6^  inches,  instead  of  9  inches^ 
and,  by  assuming  this  dimension,  we  should  have  the 
same  proportion  of  sectional  area  per  square  foot  of 
heating  surface  in  both  boilers.  The  length  of  flue 
in  the  2  horse  boiler  is  19*5  ft.,  and  in  the  12  horse 
boiler  39  fL,  so  that  the  length  and  height  of  the  flue 
are  increas€^  in  the  same  proportion, 
xs 
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262.  Q.  —  Will  you  give  an  exaxnple  of  the  pro  • 
portions  of  a  flue,  in  the  case  of  a  marine  boiler  ? 

A  —  The  Nile  steamer,  with  engines  of  110  horse 
power  by  Boulton  and  Watt,  is  supplied  with  steam 
by  two  boilers,  which  are,  therefore,  of  55  horses  power 
each.  The  height  of  the  flue  winding  within  the  boiler 
is  60  inches,  and  its  mean  width  16^  inches,  making  a 
sectional  area  or  calorimeter  of  990  square  inches,  or 
18  square  inches  per  horse  power  of  the  boiler.  The 
length  of  the  flue  is  39  ft.,  making  the  vent  25^  which 
is  the  vent  proper  for  large  boilers.  In  the  Dee  and 
Solway  steamers,  by  Scott  and  Sinclair,  the  calorimeter 
is  only  9*72  square  inches  per  horse  power;  in  the 
Eagle,  by  Caird,  11*9;  in  the  Thames  and  Medway, 
byMaudslay,  11*34,  and  in  a  great  number  of  other 
cases  it  does  not  rise  above  12  square  inches  per 
horse  power ;  but  the  engines  of  most  of  these  yessels 
are  intended  to  operate  to  a  certain  extent  expansively, 
and  the  boilers  are  less  powerful  in  evaporating  efficacy 
on  that  account. 

263.  Q.  —  Then  the  chief  difference  in  the  propor- 
tions established  by  Boulton  and  Watt,  and  those 
followed  by  the  other  manufacturers  you  have  men- 
tioned is,  that  Boulton  and  Watt  set  a  more  powerfol 
boiler  to  do  the  same  work  ? 

A.  —  That  is  the  main  difference.  The  proportion 
which  one  part  of  the  boiler  bears  to  another  part  is 
very  similar  in  tbe  cases'  cited,  but  the  proportion  of 
boiler  relatively  to  the  size  of  the  engine  varies  very 
materially.  Thus  the  calorimeter  of  each  boiler  of  the 
Dee  and  Solway  is  1296  square  inches  ;  of  the  Eagl^ 
1548  square  inches ;  and  of  the  Thames  and  Medwaj 
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1134  square  inches;  and  the  len^h  of  flue  is  57»  60 f 
and  52  ft.  in  the  boilers  respectivelj^  which  makes  the 
respective  vents  22^  25,  and  2L  Taking  then  the 
boiler  of  the  Eagle  for  comparison  with  the  boiler  of 
the  Nile,  as  it  has  the  same  vent,  it  will  be  seen  that 
the  proportions  of  the  two  are  almost  identical,  for 
990  is  to  1548  as  39  is  to  60,  nearly;  but  Messrs. 
Boulton  and  Watt  would  not  have  set  a  boiler  like 
that  of  the  Eagle  to  do  so  much  work. 

264.  Q. — ^Then  the  evaporating  power  of  the  boiler 
varies  as  the  sectional  area  of  the  flue  ? 

A.  —  The  evaporating  power  varies  as  the  square 
root  of  the  area  of  the  flue,  if  the  length  of  the  flue 
remain  the  same ;  but  it  varies  as  the  area  simplj,  if 
the  length  of  the  flue  be  increased  in  the  same  pro- 
portion as  its  other  dimensions.  The  evaporating 
power  of  a  boiler  is  referable  to  the  amount  of  its 
heating  surface,  and  the  amount  of  heating  surface  in 
any  flue  or  tube  is  proportional  to  the  product  of  the 
length  of  the  tube  and  the  square  root  of  its  sectional 
area,  multiplied  by  a  certain  quantity  that  is  constant 
for  each  particular  form.  But  in  similar  tubes  the 
length  is  proportional  to  the  square  root  of  the  sec- 
tional area ;  therefore,  in  similar  tubes,  the  amount  of 
heating  surface  is  proportional  to  the  sectional  area. 
On  this  area  also  depends  the  quantity  of  hot  air 
passing  through  the  flue,  supposing  the  intensity  of 
the  draught  to  remain  unaffected,  and  the  quantity  of 
hot  air  or  smoke  passing  through  the  flue  should  vary 
in  the  same  ratio  as  the  quantity  of  surface. 

265.  Q. — A  boiler  therefore,  to  exert  four  times 
the  power^  should  have  four  times  the  extent  of  heating 
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surface,  and  four  times  the  sectional  area  of  flue  for 
the  transmission  of  the  smoke  ? 

A*  —  Yes ;  and  if  the  same  form  of  flue  is  to  be  re** 
tained  it  should  be  of  twice  the  diameter  and  twice  the 
length ;  or  twice  the  height  and  width  if  rectangular, 
and  twice  the  length.  As  then  the  diameter  or  square 
root  of  the  area  increases  in  the  same  ratio  as  the 
length,  the  square  root  of  the  area  divided  bj  the 
length  ought  to  be  a  constant  quantity  in  each  type  of 
boiler,  in  order  that  the  same  proportions  of  flue  may 
be  retained;  and  in  waggon  boilers  without  an  in* 
ternal  flue  the  height  in  inches  of  the  flue  encircling 
the  boiler  divided  by  the  length  of  the  flue  in  feet  will 
be  1  very  nearly.  Instead  of  the  square  root  of  the 
area  the  effective  perimeter,  or  outline  of  that  part  of 
the  cross  section  of  the  flue  which  is  effective  in 
generating  steam,  may  betaken;  and  the  effective 
perimeter  divided  by  the  length  ought  to  be  a  con« 
stant  quantity  in  similar  forms  of  flue  and  with  the 
same  velocity  of  draught,  whatever  the  siae  of  the  flae 
maybe. 

266.  Q.  —  Will  this  proportion  alter  if  the  form  of 
the  flue  be  changed? 

A.  -—  It  is  clear,  that  with  any  given  area  of  flue, 
to  increase  the  perimeter  by  adopting  a  different  shape 
is  tantamount  to  a  diminution  of  the  length  of  the 
flue ;  and,  if  the  perimeter  be  diminished  the  length 
of  the  flue  must  at  the  same  time  be  increased,  else  it 
will  be  impossible  to  obtain  the  necessary  amount  of 
heating  surface.  In  Boulton  and  Watt's  waggon 
boilers  the  sectional  area  of  the  flue  in  square  inches 
per  square  foot  of  heating  surface  is  5*4  in  the  two 
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horse  boiler;  in  the  three  horse  it  is  4*74 ;  in  the  four 
horse,  4*35 ;  six  horse,  3'7o ;  eight  horse,  4*33 ;  ten 
horse,  3*96  ;  twelve  horse,  3*63  ;  eighteen  horse,  3*17; 
thirty  horse,  2*52  ;  and  in  the  forty-five  Horse  boiler^ 
2*05  square  inches.  Taking  the  amount  of  heating 
surface  in  the  45  horse  boiler  at  9  square  feet  per 
horse  power,  we  obtain  18  square  inches  of  sectional 
area  of  flue  per  horse  power,  which  is  also  Boulton 
and  Watt's  proportion  of  sectional  area  for  marine 
boilers  with  internal  flues. 

267.  Q.  —  If  to  increase  the  perimeter  of  a  flue  is 
virtually  to  diminish  the  length,  then  a  tubular  boiler 
where  the  perimeter  is  in  effect  greatly  extended 
ought  to  have  but  a  short  length  of  tube  ? 

A.  —  The  flue  of  the  Nile^  steamer  if  reduced  to 
the  cylindrical  form  would  be  35^  inches  in  diameter 
to  have  the  same  area ;  but  it  would  then  require  to 
be  made  47|  feet  long,  to  have  the  same  amount  of 
heating  surface  excluding  the  bottom  as  non-effective. 
Supposing  that  with  these  proportions  the  heat  is 
sufliciently  extracted  from  the  smoke,  then  every  tube 
of  a  tubular  boiler  in  which  the  same  draught  existed 
ought  to  have  very  nearly  the  same  proportions. 

268.  Q. — But  what  are  the  best  proportions  of  the 
parts  of  tubular  boilers  relatively  with  one  another  ? 

A.  —  The  proper  relative  proportions  of  the  parts 
of  tubular  boilers  may  easily  be  ascertained  by  a  re« 
ference  to  the  settled  proportions  of  flue  boilers;  for^ 
the  same  general  principles  are  operative  in  both 
cases.  In  the  Nile  steamer  each  boiler  of  5S  horse 
power  has  about  497  square  feet  of  flue  surface  or  9 
square  feet  per  horse  power  reckoning  the  total  8ui*faco 
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as  effective.  The  area  of  the  flue  which  is  rectangular 
is  990  square  inches,  therefore  the  area  is  equal  to 
that  of  a  tube  35^  inches  in  diameter;  and  such  a  tube 
to  have  a  heating  surface  of  497  square  feet  must  be 
53*4  feet  or  640*8  inches  in  length.  The  length, 
therefore,  of  the  tube  will  be  about  18  times  its  dia- 
meter, and  with  the  same  velocity  of  draught  these  pro- 
portions must  obtain,  whatever  the  absolute  dimensions 
of  the  tube  may  be.  With  a  calorimeter  therefore  of 
18  square  inches  per  horse  power  the  length  of  a  tube 
3  inches  diameter  must  not  exceed  4  feet  6  inches, 
since  the  heat  will  be  sufficiently  extracted  from  the 
smoke  in  this  length,  if  the  smoke  only  travels  at  the 
velocity  due  to  a  calorimeter  of  18  square  inches  per 
horse  power.  , 

269.  Q.  —  Is  this  then  the  maximum  length  of  flue 
which  can  be  used  in  tubular  boilers  with  advantage  ? 

A.  —  By  no  means.  The  tubes  of  tubular  boilers 
are  almost  always  more  than  4  feet  6  inches  long,  but 
then  the  calorimeter  is  almost  always  less  tlfan  18 
square  inches  per  horse  power  —  generally  about  two- 
thirds  of  this.  Indeed,  tubular  boilers  with  a  large 
calorimeter  are  not  found  to  be  so  satisfactory  as 
where  the  calorimeter  is  small*  partly  from  the  pro- 
pensity of  the  smoke  in  such  cases  to  pass  through  a 
few  of  the  tubes  instead  of  the  whole  of  them,  and 
partly  from  the  deposit  of  soot  which  takes  place 
when  the  draught  is  sluggish.  It  is  a  very  confusing 
practice,  however,  to  speak  of  nominal  horse  power  in 
connection  with  boilers,  since  that  is  a  quantity  quite 
indeterminate. 


SVAPORATION  THE  TEST  OF   EFFICIENCY.        16D 


EVAPOBATIYE  POWER  OF  BOILESa. 

2*70.  Q«  —  The  main  thing  after  all  in  boilers  is 
their  evaporative  powers  ? 

A,  —  The  proportions  of  tubular  boilers  as  of  all 
boilers  should  obviously  have  reference  to  the  evapo- 
ration required^  whereas  the  demand  upon  the  boiler 
for  steam  is  very  often  reckoned  contingent  upon  the 
nominal  horse  power  of  the  engine ;  and  as  the  nominal 
power  of  an  engine  is  a  conventional  quantity  by  no 
means  in  uniform  proportion  to  the  actual  quantity  of 
steam  consumed,  perplexing  complications  as  to  the 
proper  proportions  of  boilers  have  in  consequence 
sprung  up,  to  which  most  of  the  failures  in  that  de- 
partment of  engineering  may  be  imputed.  It  is  highly 
expedient  therefore  in  planning  boilers  for  any  par* 
ticular  engine  to  consider  exclusively  the  actual  power 
required  to  be  produced,  and  to  apportion  the  capa- 
bilities of  the  boiler  accordingly. 

271.  Q.  —  In  other  words,  you  would  recommend 
the  inquiry  to  be  restricted  to  the  mode  of  evaporating 
a  given  number  of  cubic  feet  of  water  in  the  hour, 
instead  of  embracing  the  problem  how  an  engine  of  a 
given  nominal  power  was  to  be  supplied  with  steam  ? 

A. — I  would  first,  as  I  have  already  stated,  con- 
sider the  actual  power  required  to  be  produced^  and 
then  fix  the  amount  of  expansion  to  be  adopted.  If 
the  engine  had  to  work  up  to  three  times  its  nominal 
power,  as  is  now  common  in  marine  engines,  I  should 
either  increase  correspondingly  the  quantity  of  evapo- 
rating surface  in  the  boiler,  or  adopt  such  an  amount 
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of  expansion  as  would  increase  threefold  the  efficacj 
of  the  steam,  or  combine  in  a  modified  manner  both 
of  these  arrangements.  Reckoning  the  evaporation 
of  a  cubic  foot  of  water  in  the  hour  as  equivalent  to 
an  actual  horse  power,  and  allowing  a  square  yard  or 
9  square  feet  as  the  proper  proportion  of  flue  surface 
to  evaporate  a  cubic  foot  of  water  in  the  hour,  it  is 
clear  that  I  must  either  give  27  square  feet  of  heating 
surface  in  the  boilet  to  have  a  trebled  power  without 
expansion,  or  I  must  cut  off  the  steam  at  one-seventh 
of  the  stroke  to  obtain  a  threefold  power  without  in- 
creasing the  quantity  of  heating  surface.  By  cutting 
off  the  steam  however  at  one-third  of  the  stroke,  a 
heating  surface  of  13^  square  feet  will  give  a  three* 
fold  power,  and  it  will  usually  be  the  most  judicious 
course  to  carry  the  expansion  as  far  as  possible,  and 
then  to  add  the  proportion  of  heating  surface  neces- 
sary to  make  good  the  deficiency  still  found  to  exist. 

272.  Q.  —  But  is  it  certain  that  a  cubic  foot  of 
water  evaporated  in  the  hour  is  equivalent  to  an 
actual  horse  power  ? 

A,  —  An  actual  horse  power  as  fixed  by  Watt  is 
33,000  lbs.  raised  one  foot  high  in  the  minute ;  and  in 
Watt's  40  horse  power  engine  with  a  31^  inch  cylinder 
7  feet  stroke,  and  making  17^  strokes  a  minute,  the 
effective  pressure  is  6*92  lbs.  on  the  square  inch  dear 
of  all  deductions.  Now,  as  a  horse  power  is  33,000  lbs. 
raised  one  foot  high,  and  as  there  are  6*92  lbs.  on  the 
square  inch,  it  is  clear  that  33,000  divided  by  6*92, 
or  4768  square  inches  with  6*92  lbs.  on  each  if  lifted 
1  foot  or  12  inches  high,  will  also  be  equal  to  a  horse 
power.     But  4768  square  inches  multiplied  by  12 
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inches  in  height  is  57224*4  cubic  inches,  or  83' 1  cubic 
feet,  and  this  is  the  quantity  of  steam  which  must  be 
expended  per  minute  to  produce  an  actual  horfle 
power. 

278.  Q.  ^  But  are  88  cubic  feet  of  steam  expended 
per  minute  equivalent  to  a  cubic  foot  of  water  ex- 
pended in  the  hour  ? 

Am  —  Not  precisely,  but  nearly  so.  A  cubic  foot  of 
water  produces  1669  cubic  feet  of  steam  of  the  atmo« 
spheric  density  of  15  lbs.  per  square  inch,  whereas  a 
consumption  of  33  cubic  feet  of  steam  in  the  minute 
is  1980  cubic  feet  in  the  hour.  In  Watt's  engines 
about  one-tenth  was  reckoned  as  loss  in  filling  the 
waste  spaces  at  the  top  and  bottom  of  the  cylinder, 
making  1872  cubic  feet  as  the  quantity  consumed  per 
hour  without  this  waste  ;  and  in  modern  engines  the 
waste  at  the  ends  of  the  cylinder  is  inconsiderable. 

274.  Q,  —  What  power  was  generated  by  a  cubic 
foot  of  water  in  the  case  of  the  Albion  Mill  engines 
when  working  without  expansion  ? 

A. — In  the  Albion  Mill  engines  when  working 
without  expansion,  it  was  found  that  1  lb.  of  water  in 
the  shape  of  steam  raised  28,489  lbs.  1  foot  high.  A 
cubic  foot  of  water,  therefore,  or  62^  lbs.,  if  consumed 
in  the  hour,  would  raise  1780562*5  lbs.  one  foot  high 
in  the  hour,  or  would  raise  29,676  lbs.  one  foot  high 
in  a  minute ;  and  if  to  this  we  add  one-tenth  for  waste 
at  the  ends  of  the  cylinder,  a  waste  which  hardly 
exists  in  modem  engines,  we  have  32,643  lbs.  raised 
one  foot  high  in  the  minute,  or  a  horse  power  very 
nearly.  In  some  cases  the  approximation  appears 
still  nearer.    Thus,  in  a  40  horse  engine  working 
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without  expansion,  Watt  found  that  *674  feet  of  watei 
were  evaporated  from  the  boiler  per  minute,  which  is 
just  a  cubic  foot  per  horse  power  per  hour  ;  but  it  is 
not  certain  in  this  case  that  the  nominal  and  actual 
power  were  precisely  identical  It  will  be  quite  safe, 
however,  to  reckon  an  actual  horse  power  as  produ- 
cible hj  the  evaporation  of  a  cubic  foot  of  water  in 
the  hour  in  the  case  of  engines  working  without  ex- 
pansion ;  and  for  boiling  off  this  quantity  in  flue  or 
waggon  boilers,  about  8  lbs.  of  coal  will  be  required 
and  9  square  feet  of  flue  surface. 

HODERK  MARINE  AND  LOCOMOTIVE  BOILERS. 

275.  Q. — These  proportions  appear  chiefly  to  refer 
to  old  boilers^  I  wish  you  to  state  what  are  the  pro- 
portions of  modern  flue  and  tubular  marine  boilers* 

A,  —  In  modem  marine  boilers  the  area  of  fire 
grate  is  less  than  in  Mr.  Watt's  original  boilers,  where 
it  was  one  square  foot  to  nine  square  feet  of  hettting 
surface.  The  heat  in  the  furnace  is  consequently 
more  intense,  and  a  somewhat  less  amount  of  surface 
suffices  to  evaporate  a  cubic  foot  of  water.  In  Boulton 
and  Watt's  modem  flue  boilers  they  allow  for  the 
evaporation  of  a  cubic  foot  of  water  8  square  feet  of 
heating  surface,  70  square  inches  of  fire  grate,  13 
square  inches  sectional  area  of  flues,  6  square  inches 
sectional  area  of  chimney,  14  square  inches  area  OTcr 
furnace  bridges,  ratio  of  area  of  flue  to  area  of  fire 
grate  1  to  5*4.  To  evaporate  a  cubic  foot  of  water 
per  hour  in  tubular  boilers,  the  proportions  are  — 
heating  surface  9  square  feet,  fire  grate  70  square 
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inches,  sectional  area  of  tubes  10  square  inches,  sec- 
tional area  of  back  uptake  12  square  inches,  sectional 
area  of  front  uptake  10  square  inches,  sectional  area 
of  chimney  7  square  inches,  ratio  of  diameter  of  tube 
to  length  of  tube  -^th  to  ^th,  cubical  content  of 
boiler  ezclusiye  of  steam  chest  6*5  cubic  feet,  cubical 
content  of  steam  chest  1*6  cubic  feet. 

276.  Q.  —  These  proportions  do  not  apply  to  loco- 
motiye  boilers  ? 

A,  —  Not  at  all.  In  locomotive  boilers  the  draught 
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18  maintained  by  the  projection  of  the  waste  steam 
which  escapes  from  the  cylinders  up  the  chimney,  and 
the  draught  is  much  more  powerful  and  the  combustiou 
much  more  rapid  than  in  cases  in  which  the  combus- 
tion is  maintained  by  the  natural  draught  of  a  chimney, 
except  indeed  the  chimney  be  of  very  unusual  tempe- 
rature and  height.  The  proportions  proper  for  loco- 
motive boilers  will  be  seen  by  the  dimensions  of  a 
few  locomotives  of  approved  construction,  which  have 
been  found  to  give  satisfactory  results  in  practice,  and 
which  are  recorded  in  the  Table  on  the  preceding  page. 
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277.  Q. — What  is  the  amount  of  draught  produced 
in  locomotive  boilers  in  comparison  with  that  existing 
in  other  boilers  ? 

^.  —  A  good  chimney  of  a  land  engine  will  produce 
a  degree  of  exhaustion  equal  to  from  H  to  2^  inches 
of  water.  In  locomotive  boilers  the  exhaustion  is  in 
some  cases  equal  to  12  or  13  inches  of  water,  but  from 
3  to  6  inches  is  a  more  common  proportion. 

278.  Q.  —  And  what  force  of  blast  is  necessary  to 
produce  this  exhaustion  ? 

A,  —  The  amount  varies  in  different  engines,  de- 
pending on  the  sectional  area  of  the  tubes  and  other 
circumstances.  But  on  the  average,  it  may  be  asserted 
that  such  a  pressure  of  blast  as  will  support  an  inch 
of  mercury,  will  maintain  sufficient  exhaustion  in  the 
smoke  box  to  support  an  inch  of  water ;  and  this  ratio 
holds  whether  the  exhaustion  is  little  or  great.  To 
produce  an  exhaustion  in  the  smoke  box,  therefor^  of 
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6  inches  of  water,  the  waste  steam  would  require  to 
be  of  sufficient  pressure  to  support  a  column  of  6  inches 
of  mercury,  which  is  equiTalent  to  a  pressure  of  8  lbs. 
on  the  square  inch. 

279.  Q.  — How  is  the  force  of  the  blast  deter- 
mined? ^ 

A.'^Bj  the  amount  of  contraction  given  to  the 
mouth  of  the  blast  pipe,  which  is  a  pipe  which  con- 
ducts the  waste  steam  from  the  cylinders  and  de- 
bouches at  the  foot  of  the  chimney.  If  a  strong  blast 
be  required,  the  mouth  of  this  pipe  requires  to  be  cor- 
respondingly contracted,  but  such  contraction  throws 
a  back  pressure  on  the  piston,  and  it  is  desirable  to 
obtain  the  necessary  draught  with  as  little  contraction 
of  the  blast  pipe  as  possible.  The  blast  pipe  is  gene- 
rally a  breeches  pipe  of  whicJi  the  legs  join  just  before 
reaching  the  chimney ;  but  it  is  better  to  join  the  two 
cylinders  below,  and  to  let  a  single  pipe  ascend  to 
within  12  or  18  inches  of  the  foot  of  the  chimney.  If 
made  with  too  short  a  piece  of  pipe  above  the  joining, 
the  steam  will  be  projected  against  each  side  of  the 
chimney  alternately,  and  the  draught  will  be  damaged 
and  the  chimney  worn.  The  blast  pipe  should  not  be 
regularly  tapered,  but  should  be  large  in  the  body  and 
gathered  in  at  the  mouth. 

280.  Q.  —  Is  a  large  and  high  chimney  conducive 
to  strength  of  draught  in  locomotives  ? 

A.  —  It  has  not  been  found  to  be  so.  A  chimney 
of  three  or  four  times  its  own  diameter  in  height  ap- 
pears to  answer  fully  as  well  as  a  longer  one ;  and  it 
was  found  that  when  in  an  engine  with  17  inch  cy- 
linders a  chimney  of  15i  inches  was  sobstitnted  for  a 
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chimney  of  17^  incheSi  a  superior  performance  was 
the  result.  The  chimney  of  a  locomotive  should  have 
half  the  area  of  the  tubes  at  the  ferules  which  is  the 
most  contracted  part»  and  the  blast  orifice  should  have 
i^th  of  the  area  of  the  chimnej.  The  sectional  area 
of  the  tubes  through  the  feru\es  should  be  as  large  as 
possible.  Tubes  without  ferules  it  is  found  pass  one- 
fourth  more  air  and  tubes  with  ferules  onlj  at  the 
smoke  box  end  pass  one-tenth  more  air  than  when 
there  are  ferules  at  both  ends. 

281.  Q.  —  Is  the  exhaustion  produced  by  the  blast 
as  great  in  the  fire  box  as  in  the  smoke  box  ? 

A, — Experiments  have  been  made  to  determine 
this>  and  in  few  cases  has  it  been  found  to  be  more 
than  about  half  as  great  at  ordinary  speeds ;  but  much 
depends  on  the  amount  of  contraction  in  the  tubes. 
In  an  experiment  made  with  an  engine  having  147 
tubes  of  If  inches  external  diameter  and  13  feet  10 
inches  long,  and  with  a  fire  grate  having  an  area  of 
9^  square  feet,  the  exhaustion  at  all  speeds  was  found 
to  be  three  times  greater  in  the  smoke  box  than  in  the 
fire  box.  The  exhaustion  in  the  smoke  box  waa 
generally  equivalent  to  12  inches  of  water,  while  in 
the  fire  box  it  was  equivalent  to  only  4  inches  of 
water ;  showing  that  4  inches  were  required  to  draw 
the  air  through  the  grate  and  8  inches  through  the 
tabes. 

282.  Ql — What  will  be  the  increase  of  evaporation 
in  a  locomotive  from  a  given  increase  of  exhaustion  ? 

A»  —  The  rate  of  evaporation  in  a  locomotive  or 
any  other  boiler  will  vary  as  the  quantity  of  air  pass* 
ing  through  the  fire,  and  the  quantity  of  air  pasdng^ 
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through  the  fire  will  varj  nearly  as  the  square  root  of 
the  exhaustion.  With  four  times  the  exhaustion 
therefore  there  will  he  ahout  twice  the  evaporation^ 
and  experiment  shows  that  this  theoretical  law  holds 
with  tolerahle  accuracy  in  practice. 

283*  Q.  —  But  the  same  exhaustion  will  not  he 
produced  by  a  given  strength  of  blast  in  all  engines  ? 

A.  —  No ;  engines  with  contracted  fire  grates  and 
an  inadequate  sectional  area  of  tubes,  will  require  a 
stronger  blast  than  engines  of  better  proportions ;  but 
in  any  given  engine  the  relations  between  the  blast 
exhaustion  and  evaporation  hold  which  have  been 
already  defined. 

284.  Q.  —  Is  the  intensity  of  the  draught  under 
easy  regulation  ? 

As  —  The  intensity  of  the  draught  may  easily  be 
diminished  by  partially  closing  the  damper  in  the 
chimney,  and  it  may  be  increased  by  contracting  the 
orifice  of  the  blast.  A  variable  blast  pipe,  the  orifice 
of  which  may  be  enlarged  or  contracted  at  pleasure, 
has  been  much  used.  There  are  various  devices  for 
this  purpose,  but  the  best  appears  to  be  that  adopted 
in  Stephenson's  engine,  where  a  conical  nozzle  is 
moved  up  or  down  within  the  blast  pipe,  which  is 
made  somewhat  larger  in  diameter  than  the  base  of 
the  cone,  but  with  a  ring  projecting  internally,  against 
which  the  base  of  the  cone  abuts  when  the  nozzle  is 
pushed  up.  When  the  nozzle  stands  at  the  top  of  the 
pipe  the  whole  of  the  steam  has  to  pass  through  it, 
and  the  intensity  of  the  blast  is  increased  by  the  in- 
creased velocity  thus  given  to  the  steam;  whereas 
when  the  nozzle  is  moved  downward  the  steam  escapes 
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through  the  annular  opening  left  between  the  noszle 
and  the  pipe,  as  well  as  through  the  nozzle  itselfy  and 
the  intensitj  of  the  blast  is  diminished  by  the  enlarge- 
ment  of  the  opening  for  the  escape  of  the  steam  thus 
made  available. 

285.  Q.  —  What  is  the  best  diameter  for  the  tubes 
of  locomotive  boilers  ? 

A. — Bnry's  locomotive  with  14  inch  cylinders  con- 
tains 92  tubes  of  24th  inches  external  diameter,  and 
10  feet  6  inches  long ;  whereas  Stephenson's  locomotive 
with  15  inch  cylinders  contains  150  tabes  of  Ifths 
external  diameter,  18  feet  6  inches  long.  In  Stephen- 
son's boiler,  in  order  that  the  part  of  the  tubes  next 
the  chimney  may  be  of  any  avail  for  the  generation  of 
steam,  the  draught  has  to  be  very  intense,  which  in 
its  turn  involves  a  considerable  expenditure  of  power: 
and  it  is  questionable  whether  the  increased  expendi- 
ture of  power  upon  the  blast,  in  Stephenson's  long 
tubed  locomotives,  is  compensated  by  the  increased 
generation  of  steam  consequent  upon  the  extension  of 
the  heating  surface.  When  the  tubes  are  small  in 
diameter  they,  are  apt  to  become  partially  choked  with 
pieces  of  coke  ;  but  an  internal  diameter  of  If  ths  may 
be  employed  without  inconvenience  if  the  draught  be 
of  medium  intensity. 

286.  Q.  —  Will  yon  illnstrate  the  relation  between 
the  length  and  diameter  of  locomotive  tubes  by  a 
comparison  with  the  proportion  of  £ues  in  flue 
boilers  ? 

A. — ^In  most  locomotives  the  velocity  of  the  draught 
is  such  that  it  would  require  very  long  tubes  to  extract 
the  heat  from  the  products  of  combustion,  if  the  heat 
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were  transmitted  through  the  metal  of  the  tubes  with 
only  the  same  facility  as  through  the  inm  of  ordinary 
£ue  boilers.  The  Nile  steamer,  with  engines  of  110 
nominal  horses  power  each,  and  with  two  boilers 
haying  two  independent  flues  in  each,  of  such  dimen« 
sions  as  to  make  each  flue  eqoivalent  to  65  nominal 
horses  power,  works  at  62  percent,  above  the  nominal 
power,  so  that  the  actual  evaporative  efficacy  of  each 
flue  would  be  equivalent  to  89  actual  horses  power, 
supposing  the  engines  to  operate  without  expansion ; 
but  as  the  mean  pressure  in  the  cylinder  is  somewhat 
less  than  the  initial  pressure,  the  evaporative  efficacy 
of  each  flue  may  be  reckoned  equivalent  to  80  actual 
horses  power.  With  this  evaporative  power  there  is 
a  calorimeter  of  990  square  inches,  or  12*8  square 
inches  per  actual  horse  power ;  whereas  in  Stephenson's 
locomotive  with  150  tubes,  if  the  evaporative  power 
be  taken  at  200  cubic  feet  of  water  in  the  hour,  which 
is  a  large  supposition,  the  engine  will  be  equal  to  200 
actual  horses  power.  If  the  internal  diameter  of  the 
tubes  be  taken  at  thirteen-eighths  of  an  inch,  the  calo- 
rimeter per  actual  horse  power  will  only  be  1*1136 
square  inches,  or  in  other  words  the  calorimeter  in  the 
locomotive  boiler  wiU  be  11*11  times  less  than  in  the 
flue  boiler  for  the  same  power,  so  that  the  draught  in 
the  locomotive  must  be  11*11  times  stronger,  and  the 
ratio  of  the  length  of  the  tube  to  its  diameter  11*11 
times  greater  than  in  the  flue  boiler,  supposing  the 
heat  to  be  transmitted  with  only  the  same  facility. 
The  flue  of  the  Nile  would  require  to  be  35^  inches  in 
diameter  if  made  of  the  cylindrical  form,  and  47}  feet 
long :  the  tubes  of  a  locomotive  if  Ifths  inch  diameter 

ir2 
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woald  only  require  to  be  22*19  inches  long  with  the 
same  velocity  of  draught ;  but  as  the  draught  is  1 1  '1 1 
times  faster  than  in  a  flue  boiler,  the  tubes  ought  to 
be  246*558  inches,  or  about  20J  feet  long  according 
to  this  proportion.  In  practice,  however,  they  are 
one-third  less  than  this,  which  reduces  the  heating 
surface  from  9  to  6  square  feet  per  actual  horse  power, 
and  this  length  even  is  found  to  be  inconvenient.  It 
IS  greatly  preferable  therefore  to  increase  the  calori- 
meter, and  diminish  the  intensity  of  the  draught 

BOELEB  CHDCNIES. 

'/ffj.  Q.  —  By  what  process  do  you  ascertain  the 
dimensions  of  the  chimney  of  a  land  boiler  ? 

A» — ^By  a  reference  to  the  volume  of  air  it  is  neces- 
sary in  a  given  time  to  supply  to  the  burning  fuel,  and 
to  the  velocity  of  motion  produced  by  the  rarefaction 
in  the  chimney ;  for  the  area  of  the  chimney  requires 
to  be  such,  that  with  the  velocity  due  to  that  rarefac- 
tion, the  quantity  of  air  requisite  for  the  combustiou 
of  the  fuel  shall  pass  through  the  furnace  in  the 
specified  time.  Thus  if  200  cubic  feet  of  air  of  the 
atmospheric  density  are  required  for  the  combustion 
of  a  pound  of  coal, — though  250  lbs.  is  nearer  the 
quantity  generally  required, — and  10  lbs.  of  coal  per 
horse  power  per  hour  are  consumed  by  an  engine,  then 
2000  cubic  feet  of  air  must  be  supplied  to  the  furnace 
per  horse  power  per  hour,  and  the  area  of  the  chimney 
must  be  such  as  to  deliver  this  quantity  at  the  in- 
creased bulk  due  to  the  high  temperature  of  the  chim- 
ney when  moving  with  the  velocity  the  rarefoction 
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within  the  chimney  occasions,  aild  which,  in  small 
chimneys,  is  usually  such  as  to  support  a  column  of 
half  an  inch  of  water.  The  velocity  with  which  a 
denser  fluid  flows  into  a  rarer  one  is  equal  to  the 
velocity  a  heavy  hody  acquires  in  falling  through  a 
height  equal  to  the  difference  of  altitude  of  two 
columns  of  the  heavier  fluid  of  such  heights  as  will 
produce  the  respective  pressures;  and,  therefore, 
when  the  difference  of  pressure  or  amount  of  rarefac- 
tion in  the  chimney  is  known,  it  is  easy  to  tell  the 
velocity  of  motion  which  ought  to  be  produced  by  it. 
In  practice,  however,  these  theoretical  results  are  not 
to  be  trusted,  until  they  have  received  such  modifica- 
tions as  will  make  them  representative  of  the  practice 
of  the  most  experienced  constructors. 

288.  Q.— What  then  is  the  rule  followed  by  the 
most  experienced  constructors? 

A. — Boulton  and  Watt's  rule  for  the  dimensions  of 
the  chimney  of  a  land  engine  is  as  follows : — multi- 
ply the  number  of  pounds  of  coal  consumed  under  the 
Doiler  per  hour  by  12,  and  divide  the  product  by  the 
square  root  of  the  height  of  the  chimney  in  feet ;  the 
quotient  is  the  area  of  the  chimney  in  square  inches  in 
the  smallest  part.  A  factory  chimney  suitable  for  a 
20  horse  boiler  is  commonly  made  about  20  in.  square 
inside^  and  80  ft  high ;  and  these  dimensions  are  those 
which  answer  to  a  consumption  of  15  lbs.  of  coal  per 
horse  power  per  hour,  which  is  a  very  common  con- 
sumption in  factory  engines.  If  15  lbs.  of  coal  be 
consumed  per  horse  power  per  hour,  the  total  con- 
sumption per  hour  in  a  20  horse  boiler  will  be  300  lbs., 
and  300  multiplied  by  12=3600,  and  divided  by  9 
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(the  square  root  of  the  height)  =400,  which  is  the 
area  of  the  chimnej  in  square  inches.  It  will  not 
answer  well  to  increase  the  height  of  a  chimney  of 
this  area  to  more  than  ^0  or  50  yards,  without  also 
increasing  the  area,  nor  will  it  be  of  utility  to  increase 
the  area  much  without  also  increasing  the  height. 
The  quantity  of  coal  consumed  per  hour  in  pounds, 
multiplied  by  5,  and  divided  by  the  square  root  of  the 
height  of  the  chimney,  is  the  proper  collective  area  ol 
the  openings  between  the  bars  of  the  grate  for  the 
admission  of  air  to  the  fire. 

2S9.  Q. — Is  this  rule  applicable  to  the  chimnies  of 
steam  vessels  ? 

A. — In  steam  vessels  Boulton  and  Watt  have  here- 
tofore been  in  the  habit  of  allowing  8^  square  inches 
of  area  of  chimney  per  horse  power,  but  they  now 
allow  6  square  inches  to  7  square  inches.  In  some 
steam  vessels  a  steam  blast  like  that  of  a  loco- 
motive, but  of  a  smaller  volume,  is  used  in  the  chim- 
ney, and  many  of  the  evils  of  a  boiler  deficient  in 
draught  may  be  remedied  by  this  expedient,  but  a  steam 
blast  in  a  low  pressure  engine  occasions  an  obvious 
waste  of  steam ;  it  also  makes  an  unpleasant  noise^ 
and  in  steam  vessels  it  frequently  produces  the  incon- 
venience of  carrying  the  smaller  parts  of  the  coal  up 
the  chimney,  and  scattering  it  over  the  deck  among 
the  passengers.  It  is  advisable,  therefore,  to  give  a 
sufficient  calorimeter  in  all  low  pressure  boilers,  and 
a  sufficient  height  of  chimney  to  enable  the  chimney 
to  operate  without  a  steam  jet ;  but  it  is  useful  to 
know  that  a  steam  jet  is  a  resource  in  the  case  of  a 
defective  boiler,  or  where  the  boiler  has  to  be  urged 
beyond  its  power. 
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STBAM  BOOK  AND  PBDUNG. 

290.  Q. — What  is  the  capacity  of  steam  room 
allowed  in  boilers  per  horse  power  ? 

A.  —  The  capacity  of  steam  room  allowed  by 
Boulton  and  Watt  in  their  land  waggon  boilers  is  8| 
cubic  feet  per  horse  power  in  the  two  horse  power 
boiler,  and  5|  cubic  feet  in  the  20  horse  power  boiler ; 
and  in  the  larger  class  of  boilers,  such  as  those  suit- 
able for  30  and  45  horse  power  engines,  the  capacity 
of  the  steam  room  does  not  fall  below  this  amount, 
and  indeed  is  nearer  6  than  5f  cubic  feet  per  horse 
power.  The  content  of  water  is  18^  cubic  feet  per 
horse  power  in  the  two  horse  power  boiler,  and  15 
cubic  feet  per  horse  power  in  the  20  horse  power 
boiler. 

291.  Q. — Is  this  the  proportion  Boulton  and  Watt 
allow  in  their  marine  boilers  ? 

A. — ^Boulton  and  Watt  in  their  early  steam  vessels 
were  in  the  habit  of  allowing  for  the  capacity  of  the 
steam  space  in  marine  boilers  16  times  the  content  of 
the  cylinder ;  but  as  there  were  two  cylinders,  this 
was  equivalent  to  8  times  the  content  of  both  cylin- 
ders, which  is  the  proportion  commonly  followed  in 
land  engines,  and  which  agrees  very  nearly  with  the 
proportion  of  between  5  and  6  cubic  feet  of  steam 
room  per  horse  power  already  referred  to.  Taking 
for  example  an  engine  with  23  inches  diameter  of 
cylinder  and  4  feet  stroke,  which  will  be  18*4  horse 
power  —  the  area  of  the  cylinder  will  be  415*476 
square  inches,  which  multiplied  by  48,  the  number  of 
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inches  in  the  etroke,  will  give  19942-848  for  the  capa- 
city of  the  cylinder  in  cubic  inches ;  8  times  this  is 
159542*784  cubic  inches,  or  92;3  cubic  feet;  92-3 
divided  by  18*4  is  rather  more  than  5  cubic  feet  per 
horse  power. 

292.  Q. — Is  the  production  of  the  steam  in  the 
boiler  uniform  throughout  the  stroke  of  the  engine? 

A. — It  varies  with  the  slight  variations  in  the. 
pressure  within  the  boiler  throughout  the  stroke. 
Usually  the  larger  part  of  the  steam  is  produced 
during  the  first  part  of  the  stroke  of  the  engine,  for 
there  is  then  the  largest  demand  for  steam  as  the 
steam  being  commonly  cut  off  somewhat  before  the 
end  of  the  stroke,  the  pressure  rises  somewhat  in  the 
boiler  during  that  period,  and  little  steam  is  then  pro- 
duced. There  is  less  necessity  that  the  steam  space 
should  be  large  when  the  flow  of  steam  from  the  boiler 
is  very  uniform,  as  it  will  be  where  there  are  two 
engines  attached  to  the  boiler  at  right  angles  with 
one  another,  or  where  the  engines  work  at  a  great 
speed,  as  in  the  case  of  locomotive  engines.  A 
high  steam  chest  too,  by  rendering  boiling  over  into 
the  steam  pipes,  or  priming  as  it  is  called,  more 
difficult,  obviates  the  necessity  for  so  large  a  steam 
space ;  as  does  also  a  perforated  steam  pipe  stretching 
through  the  length  of  the  boiler,  so  as  not  to  take  the 
steam  from  one  place.  The  use  of  steam  of  a  high 
pressure,  worked  expansively,  has  the  same  operation ; 
60  that  in  modern  marine  boilers,  of  the  tubular  con- 
struction, where  the  whole  or  most  of  these  modifying 
circumstances  exist,  there  is  no  necessity  for  so  large 
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II  proportion  of  steam  room  as  5  or  6  cubic  feet  per 
nominal  horse  power^  and  about  one  1^  or  2  cubic  feet 
of  steam  room  per  cubic  foot  of  water  evaporated, 
more  nearly  represents  the  general  practice. 

293.  Q.  —  Is  this  the  proportion  of  steam  room 
adopted  in  locomotive  boilers  ? 

A. — No;  in  locomotive  boilers  the  proportion  of 
steam  room  per  cubic  foot  of  water  evaporated  is  con* 
siderably  less  even  than  this.  It  does  not  usually 
exceed  ^  of  a  cubic  foot  per  cubic  foot  of  water  eva- 
porated ;  and  with  clean  water^  with  a  steam  dome  a 
few  feet  high  set  on  the  barrel  of  the  boiler,  or  with 
a  perforated  pipe  stretching  from  end  to  end  of  the 
barrel,  and  with  the  steam  room  divided  about  equally 
between  the  barrel  and  the  fire  box,  very  little  prim- 
ing is  found  to  occur  even  with  this  small  proportion 
of  total  steam  room.  About  |  the  depth  of  the  barrel 
is  usually  filled  with  water,  and  \  with  steam. 

294.  Q. — What  is  priming  ? 

A. —  Priming  is  a  violent  agitation  .of  the  water 
within  the  boiler,  in  consequence  of  which  a  large 
quantity  of  water  passes  off  with  the  steam  in  the 
shape  of  froth  or  spray.  Such  a  result  is  injurious, 
both  as  regards  the  efficacy  of  the  engine,  and  the 
safety  of  the  engine  and  boiler  ;  for  the  large  volume 
of  hot  water  carried  by  the  steam  into  the  condenser 
impairs  the  vacuum,  and  throws  a  great  load  upon  the 
air  pump,  which  diminishes  the  speed  and  available 
power  of  the  engine ;  and  the  existence  of  water  with-> 
in  the  cylinder,  unless  there  be  safety  valves  upon  the 
cylinder  to  permit  its  escape,  will  very  probably  cause 
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some  part  of  the  machinery  to  break,  by  suddenly 
arresting  the  motion  of  the  piston  when  it  meets  the 
surface  of  the  water, — ^the  slide  valve  being  dosed  to 
the  condenser  before  the  termination  of  the  stroke,  in 
all  engines  with  lap  upon  the  valves,  so  that  the 
water  within  the  cylinder  is  prevented  from  escaping 
in  that  direction.  At  the  same  time  the  boiler  is 
emptied  of  its  water  too  rapidly  for  the  feed  pump 
to  be  able  to  maintain  the  supply,  and  the  flues  are  in 
danger  of  being  burnt  from  a  deficiency  of  water  above 
them. 

295.  Q. — ^What  are  the  causes  of  priming  ? 

^.  —  The  causes  of  priming  are  an  insufficient 
amount  of  steam  room,  an  inadequate  area  of  water 
level,  an  insufficient  width  between  the  flues  or  tubes 
for  the  ascent  of  the  steam  and  the  descent  of  water 
to  supply  the  vacuity  the  steam  occasions,  and  the  use 
of  dirty  water  in  the  boiler.  New  boilers  prime  more 
than  old  boilers,  and  steamers  entering  rivers  from  the 
sea  are  more  addicted  to  priming  than  if  sea  or  river 
water  had  alone  been  used  in  the  boilers — probably 
from  the  boiling  point  of  salt  water  being  higher  than 
that  of  fresh,  whereby  the  salt  water  acts  like  so  much 
molten  metal  in  raising  the  fresh  water  into  steam. 
Opening  the  safety  valve  suddenly  may  make  a  boiler 
prime,  and  if  the  safety  valve  be  situated  near  the 
mouth  of  the  steam  pipe,  the  spray  or  foam  thus 
created  may  be  mingled  with  the  steam  passing  into 
the  engine,  and  materially  diminish  its  effective 
power ;  but  if  the  safety  valve  be  situated  at  a  dif^ 
tance  from  the  mouth  of  the  steam  pipe,  the  quantity 
of  foam  or  spray  passing  into  the  engine  may  be  dirni- 
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nlshed  by  opening  the  safety  valve ;  and  in  locomo- 
tives, therefore^  it  is  found  beneficial  to  have  a  safety 
valve  on  the  barrel  of  the  boiler  at  a  point  remote 
from  the  steam  chest,  by  partially  opening  which,  any 
priming  in  that  part  of  the  boiler  adjacent  to  the 
steam  chest  is  checked,  and  a  purer  steam  than  before 
passes  to  the  engine. 

296.  Q. — ^What  is  the  proper  remedy  for  priming  ? 

Am — When  a  boiler  primes,  the  engineer  generally 
closes  the  throttle  valve  partially,  turns  off  the  injec- 
tion water,  and  opens  the  furnace  doors,  whereby  the 
generation  of  steam  is  checked,  and  a  less  violent 
ebullition  in  the  boiler  suffices.  Where  the  priming 
arises  from  an  insufficient  amount  of  steam  room,  it 
may  be  mitigated  by  putting  a  higher  pressure  upon 
the  boiler  and  working  more  expansively,  or  by  the 
interposition  of  a  perforated  plate  between  the  boiler 
and  the  steam  chest,  which  breaks  the  ascending 
water  and  liberates  the  steam.  In  some  cases,  how- 
ever, it  may  be  necessary  to  set  a  second  steam  chest 
on  the  top  of  the  existing  one,  and  it  will  be  prefer- 
able to  establish  a  communication  with  this  new 
chamber^y  means  of  a  number  of  small  holes,  bored 
through  the  iron  plate  of  the  boiler,  rather  than  by  a 
single  large  orifice.  Where  priming  arises  from  the 
existence  of  dirty  water  in  the  boiler,  the  evil  may  be 
remedied  by  the  use  of  collecting  vessels,  or  by  blow- 
ing off  lai^ely  from  the  surface ;  and  where  it  arises 
from  an  insufficient  area  of  water  level,  or  an  insuf- 
ficient width  between  the  flues  for  the  free  ascent  of 
the  steam  and  the  descent  of  the  superincumbent 
water,  the  evil  may  be  abated  by  the  addition  of  cir- 
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culating  pipes  in  some  part  of  the  boiler  which  will 
allow  the  water  to  descend  freelj  to  the  place  from 
whence  the  steam  rises,  the  width  of  the  water  spaced 
being  yirtuallj  increased  bj  restricting  their  function 
to  the  transmission  of  a  current  of  steam  and  water  to 
the  surface*  It  is  desirable  to  arrange  the  heating 
surface  in  such  a  way  that  the  feed  water  entering 
the  boiler  at  its  lowest  point  is  heated  gradually  as  it 
ascends,  until  towards  the  superior  part  of  the  flues  it 
is  raised  gradually  into  steam  \  but  in  all  cases  there 
will  be  currents  in  the  boiler  for  which  it  is  proper  to 
provide.  The  steam  pipe  proceeding  to  the  engine 
should  obviously  be  attached  to  the  highest  point  of 
the  steam  chest,  in  boilers  of  every  construction. 

297.  Q. — Having  now  stated  the  proportions  pro- 
per to  be  adopted  for  evaporating  any  given  quantity 
of  water  in  steam  boilers,  will  you  proceed  to  show 
bow  you  would  proportion  a  boiler  to  do  a  given 
amount  of  work  ?  say  a  locomotive  boiler  which  will 
propel  a  train  of  100  tons  weight  at  a  speed  of  50 
miles  an  hour. 

A, — According  to  experiments  on  the  resistance  of 
railway  trains  at  various  rates  of  speed  ma^  by  Mr. 
Gooch,  of  the  Great  Western  Bailway,  it  appears  that 
a  train  weighing  with  locomotive,  tender,  and  carri- 
ages, about  100  tons,  experiences,  at  a  speed  of  60 
miles  an  hour,  a  resistance  of  about  3000  lbs.,  or 
about  30  lbs.  per  ton ;  which  resistance  includes  the 
resistance  of  the  engine  as  well  as  that  of  the  train. 
This,  therefore,  is  the  force  which  must  be  imparted 
at  the  circumference  of  the  driving  wheels,  except 
that  small  part  intercepted  by  the  engine  itself,  and 
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the  force  exerted  bj  the  pistons  mast  be  greater  than 
that  at  the  circumference  of  the  driving  wheel,  in  the 
proportion  of  their  slower  motion,  or  in  the  proportion 
of  the  circumference  of  the  driving  wheel  to  the 
length  of  a  double  stroke  of  the  engine.  If  the  dia- 
meter of  the  driving  wheel  be  5^  feet,  its  circum- 
ference will  be  17-278  feet,  and  if  the  length  of  the 
stroke  be  18  inches  the  length  of  a  double  stroke  will 
be  3  feet  The  pressure  on  the  pistons  must  therefore 
be  greater  than  the  traction  at  the  circumference  of 
the  driving  wheel,  in  the  proportion  of  17*278  to  3,  or, 
in  other  words,  the  mean  pressure  on  the  pistons  must 
be  17,278 lbs;  and  the  area  of  cjlinders,  and  pressure 
of  steam,  must  be  such  as  to  produce  conjointly  this 
total  pressure.  It  thus  becomes  easy  to  tell  the 
volume  and  pressure  of  steam  required,  which  steam 
in  its  turn  represents  its  equivalent  of  water  which  is 
to  be  evaporated  from  the  boiler,  and  the  boiler  must 
be  so  proportioned,  by  the  rules  already  given,  as  to 
evaporate  this  water  freely.  In  the  case  of  a  steam 
vessel  the  mode  of  procedure  is  the  same,  and  when 
the  resistance  and  speed  are  known^  it  is  easy  to  tell 
the  equivalent  value  of  steam. 


STBENGTH  OF  BOILKRS. 

298.  Q. — What  strain  should  the  iron  of  boilers 
be  subjected  to  in  working  ? 

A. — The  iron  of  boilers,  like  the  iron  of  machines 
or  structures,  is  capable  of  withstanding  a  tensile  strain 
of  from  50,000  to  60,000  lbs.  upon  every  square  inch 
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of  section ;  bat  it  will  only  bear  a  third  of  this  atrain 
without  permanent  derangement  of  structure,  and  it 
does  not  appear  expedient  in  any  boiler  to  let  the 
strain  exceed  4000  lbs.  upon  the  square  inch  of  sec- 
tional area  of  metal,  especially  if  it  is  liable  to  be 
weakened  by  corrosion. 

299.  Q.— Haye  any  experiments  been  made  to  de» 
termine  the  strength  of  boilers  ? 

A. — The  question  of  the  strength  of  boilers  was  in- 
yestigated  yery  elaborately  a  few  years  ago  by  a  com- 
mittee of  the  Franklin  Institute,  in  America,  and  it 
was  found  that  the  tenacity  of  boiler  plate  increased 
with  the  temperature  up  to  550^,  at  which  point  the 
tenacity  began  to  diminish.  At  32%  the  cohesive  force 
of  a  square  inch  of  section  was  56,000  lbs. ;  at  570%  it 
was  66^500  lbs. ;  at  720^,  55,000  lbs. ;  at  lOSO^', 
32,000 lbs.;  at  1240^,  22,000 lbs.;  and  at  1317", 
9000  lbs.  Copper  follows  a  different  law,  and  appears 
to  be  diminished  in  strength  by  eyery  addition  to  the 
temperature.  At  dS^  the  cohesion  of  copper  was  found 
to  be  32,800  lbs.  per  M^uare  inch  of  section,  which  ex- 
ceeds the  cohesive  force  at  any  higher  temperature, 
and  the  square  of  the  diminution  of  strength  seems  to 
keep  pace  with  the  cube  of  the  increased  temperature. 
Strips  of  iron  cut  in  the  direction  of  the  fibre  were 
found  to  be  about  6  per  cent,  stronger  than  when  cut 
across  the  grain.  Repeated  piling  and  welding  was 
found  to  increase  the  tenacity  of  the  iron,  but  the 
result  of  welding  together  difierent  kinds  of  iron  was 
not  found  to  be  favourable.  The  accidental  over- 
heating of  a  boiler  was  found  to  reduce  the  ultimate  or 
maximum  strength  of  the  plates  from  65,000  lbs.  to 
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4590001b8.  per  square  inch  of  section,  and  riveting 
the  plates  was  found  to  occasion  a  diminution  in  their 
strength  to  the  extent  of  one-third.  These  results, 
however,  are  not  precisely  the  same  as  those  obtained 
bj  Mr.  Fairbairn. 

300.  Q.— What  were  the  results  obtained  bj 
bim.^ 

A. — He  found  that  boiler  plate  bore  a  tensile  strair 
of  28  tons  per  square  inch  before  rupture^  which  was 
redueed  to  16  tons  per  square  inch  when  joined  to- 
gether by  a  double  row  of  rivets,  and  13  tons,  or  about 
30,000,  when  joined  together  by  a  single  row  of  rivets. 
A  circular  boiler,  therefore,  with  the  ends  of  its  plates 
double  riveted,  will  bear  at  the  utmost  about  36,000 
lbs.  per  square  inch  of  section,  or  about  12,000  lbs.  per 
square  inch  of  section  without  permanent  derangement 
of  structure* 

801.  Q.  —  What  pressure  do  cylindrical  boilers 
sustain  in  practice  ? 

A.  —  IsL  some  locomotive  boilers,  which  are  worked 
with  a  pressure  of  80  lbs.  upon  the  square  inch,  the 
thickness  of  the  plates  is  only  ^ths  of  an  inch,  while 
the  barrel  of  the  boiler  is  39  inches  in  diameter.  It 
will  require  a  length  of  3*2  inches  of  the  boiler  when 
the  plates  are  -^ths  thick  to  make  up  a  sectional  area 
of  one  square  inch,  and  the  separating  force  will  be 
39  times  3*2  multiplied  by  80^  which  makes  the  sepa- 
rating force  9984  lbs.,  sustained  by  two  square  inches 
d*  sectional  area — one  on  each  side ;  or  the  strain  is 
4992  lbs.  per  square  inch  of  sectional  area,  which  is 
quite  as  great  strain  as  is  advisable.  The  accession 
of  strength  derived  from  the  boiler  ends  is  not  here 
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taken  into  account,  but  neither  is  the  weakening  effect 
counted  that  is  caused  bj  the  rivet  holes.  Some  loco- 
motives of  4  ft  diameter  of  barrel  and  of  fths  iron  have 
been  worked  to  as  high  a  pressure  as  200  lbs,  on  the 
inch  ;  but  such  feats  of  daring  are  neither  to  be  imi- 
tated nor  commended. 

302.  Q,  —  Can  jou  give  a  rule  for  the  proper 
thickness  of  cylindrical  boilers  ? 

A. —  The  thickness  proper  for  cylindrical  boilers 
of  wrought  iron,  exposed  to  an  internal  pressure, 
may  be  found  by  the  following  rule : — multiply  2*o4 
times  the  internal  diameter  of  the  cylinder  in  inches 
by  the  greatest  pressure  within  the  cylinder  per  cir- 
cular inch,  and  divide  by  17,800;  the  result  is  the 
thickness  in  inches.  If  we  apply  this  rule  to  the  ex- 
ample of  the  locomotive  boiler  just  given,  we  have  39 
X  2*54  X  62-832  (the  pressure  per  circular  inch  corre* 
sponding  to  80  lbs.  per  square  inch) =6224*1379,  and 
this,  divided  by  17,800,  gives  0*349  as  the  thickness  in 
inches,  instead  of  0*3125,  or  j^ths,  the  actual  thickness. 
If  we  take  the  pressure  per  square  inch  instead  of  per 
circular  inch,  we  obtain  the  following  rule^  which  is 
somewhat  simpler : — ^multiply  the  internal  diameter  of 
the  cylinder  in  inches  by  the  pressure  in  pounds  per 
square  inch,  and  divide  the  product  by  8900;  the 
result  is  the  thickness  in  inches.  Both  these  rules 
give  the  strain  about  one-fourth  of  the  elastic  force,  or 
4450  lbs.  per  square  inch  of  sectional  area  of  the  iron  ; 
but  3000  lbs.  is  enough  when  the  flame  impinges  di-* 
rectly  on  the  iron,  as  in  some  of  the  ordinary  cylin- 
drical boilers,  and  the  rule  may  be  adapted  for  that 
strain  by  taking  6000  as  a  divisor  instead  of  8900. 
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303.  Q» — In  marine  and  waggon  boilers  which  are 
not  of  a  cylindrical  form^  how  do  you  procure  the  re- 
quisite strength  ? 

A,  —  Where  the  sides  of  the  boiler  are  flat,  instead 
of  being  cylindrical,  a  sufficient  number  of  stays  must 
be  introduced  to  withstand  the  pressure  ;  and  it  is  ex- 
pedient not  to  let  the  strain  upon  these  stays  be  more 
than  3000  lbs.  per  square  inch  of  section,  as  the 
strength  of  internal  stays  in  boilers  is  generally  soon 
diminished  by  corrosion.  Indeed,  a  strain  at  all  ap- 
proaching that  upon  locomotive  boilers  would  be  very 
unsafe  in  the  case  of  marine  boilers,  on  account  of  the 
corrosion,  both  internal  and  external,  to  which  marine 
boilers  are  subject  The  stays  should  be  small  and 
numerous  rather  than  large  and  few  in  number,  as, 
when  large  stays  are  employed,  it  is  difficult  to  keep 
them  tight  at  the  ends,  and  oxidation  of  the  shell 
follows  from  leakage  at  the  ends  of  the  stays.  All 
boilers  should  be  proved,  when  new,  to  twice  or  three 
times  the  pressure  they  are  intended  to  bear,  and  they 
should  be  proved  occasionally  by  the  hand  pump  when 
in  use,  to  detect  any  weakness  which  corrosion  may 
have  occasioned. 

304.  Q.-^Will  you  describe  the  disposition  of  the 
stays  in  a  marine  boiler  ? 

A* — If  the  pressure  of  steam  be  20  lbs.  on  the 
square  inch,  which  is  a  very  common  pressure  in 
tubular  boilers,  there  will  be  a  pressure  of  2880  lbs,  on 
every  square  foot  of  flat  surface ;  so  that  if  the  strain 
upon  the  stays  is  not  to  exceed  3000  lbs.  on  the  square 
inch  of  section,  there  must  be  nearly  a  square  inch  of 
sectional  area  of  stay  for  every  square  foot  of  flat 


1^4  THE   8TATIK0  OF  BOILEBS. 

surface  on  the  top  and  bottom,  sides,  and  ends  of  the 
boiler.  This  very  much  exceeds  the  proportion  usu- 
ally adopted  ;  and  in  scarcely  any  instance  are  boilers 
stayed  sufficiently  to  be  safe  when  the  shell  is  com- 
posed of  flat  surfaces.  The  furnaces  shoidd  be  stayed 
together  with  bolts  of  the  best  scrap  iron,  1^  inch  in 
diameter,  tapped  through  both  plates  of  the  water 
space  with  thin  nuts  in  each  furnace ;  and  it  is  expe- 
dient to  make  the  row  of  stays,  running  horizontidly 
near  the  level  of  the  bars,  sufficiently  low  to  come  be- 
neath the  top  of  the  bars,  so  as  to  be  shielded  from 
the  action  of  the  fire^  with  which  view  diey  should 
follow  the  inclination  of  the  bars.  The  row  of  stays 
between  the  level  of  the  bars  and  the  top  of  the 
furnace  should  be  as  near  the  top  of  the  fomace  as 
will  consist  with  the  functions  they  have  to  perform, 
so  as  to  be  removed  as  far  as  possible  from  the  action 
of  the  heat ;  and  to  support  the  furnace  top,  cross  bars 
may  either  be  adopted,  to  which  the  top  is  secured 
with  bolts,  as  in  the  case  of  locomotives,  or  stays 
tapped  into  the  furnace  top,  with  a  thin  nut  beneath, 
may  be  carried  to  the  top  of  the  boiler ;  but  very  little 
dependence  can  be  put  in  such  stays  as  stays  for  keep* 
ing  down  the  top  of  the  boiler ;  and  the  top  of  the 
boiler  must,  therefore,  be  stayed  nearly  as  much  as  if 
the  stays  connecting  it  with  the  furnace  crowns  did 
not  exist  The  large  rivets  passing  through  thimbles, 
sometimes  used  as  stays  for  water  spaces  or  boiler 
shells,  are  objectionable ;  as,  from  the  great  amount  of 
hammering  such  rivets  have  to  receive  to  form  the 
heads,  the  iron  becomes  crystalline,  so  that  the  heads 
are  liable  to  come  off,  and,  indeed,  sometimes  fly  ofl 
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in  tbe  act  of  being  formed.  If  sach  a  fracture  occurs 
between  the  boilers  after  tbej  are  seated  in  tbeii 
place,  or  in  any  position  not  accessible  from  the  out- 
side,  it  will  in  general  be  necessary  to  empty  the 
faulty  boiler,  and  repair  the  defect  from  the  inside. 

SOS,  Q,  —  What  should  be  the  pitch  or  numerical 
iistribution  of  the  stays  ? 

A. — The  stays^  where  the  sides  of  the  boiler  are 
flat,  and  the  pressure  of  the  steam  is  from  20  to  30  lbs., 
should  be  pitched  about  a  foot  or  18  inches  asunder ; 
and  in  the  wake  of  the  tubes,  where  stays  cannot  be 
carried  across  to  connect  the  boiler  sides,  angle  iron 
ribs,  like  the  ribs  of  a  ship,  should  be  riyeted  to  the 
interior  of  the  boiler,  and  stays  of  greater  strength 
than  the  rest  should  pass  across,  above,  and  below  the 
tubes,  to  which  the  angle  irons  would  communicate 
the  strain.  The  whole  of  the  long  stays  within  a 
boiler  should  be  firmly  riveted  to  the  shell,  as  if  built 
with  and  forming  a  part  of  it;  as,  by  the  common 
method  of  fixing  them  in  by  means  of  cutters,  the 
decay  or  accidental  detachment  of  a  pin  or  cutter  may 
endanger  the  safety  of  the  boiler.  Wherever  a  large 
perforation  in  the  shell  of  any  circular  boiler  occurs,  a 
sufficient  number  of  stays  should  be  put  across  it  to 
maintain  the  original  strength ;  and  where  stays  are 
intercepted  by  the  root  of  the  funnel,  short  stays  in 
continuation  of  them  should  be  placed  inside. 


BOILEB  EXPLOSIONS. 

306.   Q.-*«What  is  the  chief  cause  of  boiler  explo- 
sions? 

o2 
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A, — The  chief  cause  of  boiler  explosions  is,  an- 
doubtedlj,  too  great  a  pressure  of  steam,  or  an  insuf* 
ficient  strength  of  boiler ;  but  many  explosions  have 
also  arisen  from  the  flues  having  been  suffered  to 
become  red  hot.  If  the  safety  valve  of  a  boiler  be 
accidentally  jammed,  or  if  the  plates  or  stays  be  much 
worn  by  corrosion,  while  a  high  pressure  of  steam  is 
nevertheless  maintained^  the  boiler  necessarily  bursts ; 
and  if,  from  an  insufficiency  of  water  in  the  boiler,  or 
from  any  other  cause,  the  f  ues  become  highly  heated, 
they  may  be  forced  down  by  the  pressure  of  the  steam, 
and  a  partial  explosion  may  be  the  result.  The  worst 
explosion  is  where  the  shell  of  the  boiler  bursts ;  but 
the  collapse  of  a  furnace  or  flue  is  abo  very  disastrous 
generally  to  the  persons  in  the  engine  room;  and 
sometimes  the  shell  bursts  and  the  flues  collapse  at  the 
same  time ;  for  if  the  flues  get  red  hot,  and  water  be 
thrown  upon  them  either  by  the  feed  pump  or  other- 
wise, the  gen^ation  of  steam  may  be  too  nipid  for  the 
safety  valve  to  permit  its  escape  with  sufficient  faci- 
lity, and  the  shell  of  the  boiler  may,  in  consequence, 
be  rent  asunder.  Sometimes  the  iron  of  the  flues 
becomes  highly  heated  in  consequence  of  the  improper 
configuration  of  the  parts,  which,  by  retaining  the 
steam  in  contact  with  the  metal,  prevents  the  access  of 
the  water :  the  bottoms  of  large  flues,  upon  which  the 
flame  beilts  down,  are  very  liable  to  injury  from  this 
cause  ;  and  the  iron  of  flues  thus  acted  upon  may  be 
so  softened  that  the  flues  will  collapse  upwards  with 
the  pressure  of  the  steam.  The  flues  of  boilers  may 
also  become  red  hot  in  some  parts  from  the  attachment 
of  scale,  which,  from  its  imperfect  conducting  pow^y 
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will  cause  the  iron  to  be  nndulj  heated ;  and  if  the 
scale  be  accidentallj  detached,  a  partial  explosion  maj 
occur  in  consequence. 

307.  Q. —  Does  the  contact  of  water  with  heated 
metal  occasion  an  instantaneous  generation  of  steam  ? 

A.-^h  is  found  that  a  sudden  disengagement  of 
steam  does  not  immediately  follow  the  contact  of 
water  with  the  hot  metal,  for  water  thrown  upon  red 
hot  iron  is  not  immediately  converted  into  steam,  but 
assumes  the  spheroidal  form  and  rolls  about  in  glo- 
bules over  the  surface.  These  globules,  however  high 
the  temperature  of  the  metal  may  be  on  which  they 
are  placed,  never  rise  above  the  temperature  of  205°, 
and  give  off  but  very  little  steam ;  but  if  the  tempe- 
rature of  the  metal  be  lowered,  the  water  ceases  to 
retain  the  spheroidal  form,  and  comes  into  intimate 
contact  with  the  metal,  whereby  a  rapid  disengage- 
ment of  steam  takes  place.  If  water  be  poured  into  a 
very  hot  copper  flask,  the  flask  may  be  corked  up,  as 
there  will  be  scarce  any  steam  produced  so  long  as  the 
high  temperature  is  maintained ;  but  so  soon  as  the 
temperature  is  suffered  to  fall  below  350°  or  400°,  the 
spheroidal  condition  being  no  longer  maintainable, 
steam  is  generated  with  rapidity,  and  the  cork  wiil 
be  projected  from  the  mouth  of  the  flask  with  great 
force. 

308.  Q. — What  precautions  can  be  taken  to  pre- 
vent boiler  explosions  ? 

ji,  —  One  useful  precaution  against  the  explosion 
of  boilers  from  too  great  an  internal  pressure,  consists 
in  the  application  of  a  steam  gauge  to  each  boiler, 
which  will  make  the  existence  of  any  undue  pressure 
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in  any  of  the  boilers  immediately  visible ;  and  every 
boiler  should  have  a  safety  valve  of  its  own,  the 
passage  leading  to  which  should  have  no  connection 
with  the  passage  leading  to  any  of  the  stop  valves 
used  to  cut  off  the  connection  between  the  boilers; 
so  that  the  action  of  the  safety  valve  may  be  made 
independent  of  the  action  of  the  stop  valve.  In  some 
cases  stop  valves  have  jammed,  or  have  been  carried 
from  their  seats  into  the  mouth  of  the  pipe  commu- 
nicating between  them,  and  the  action  of  the  safety 
valves  should  be  rendered  independent  of  all  such 
accidents.  Safety  valves,  themselves,  sometimes  stick 
fast  from  corrosion,  from  the  spindles  becoming  bent, 
from  a  distortion  of  the  boiler  top  with  a  high  pres« 
8ure>  in  consequence  of  which  the  spindles  become 
jammed  in  the  guides,  and  from  various  other  causes 
which  it  would  be  tedious  to  enumerate ;  but  the  in* 
action  of  the  safety  valves  is  at  once  indicated  by  the 
steam  gauge,  and  when  discovered,  the  blow  through 
valves  of  the  engine  and  blow  off  cocks  of  the  boiler 
should  at  once  be  opened,  and  the  fires  raked  out.  A 
cone  in  the  ball  of  the  waste  steam  pipe  to  send  back 
the  water  carried  upwards  by  the  steam,  should  never 
be  inserted ;  as  in  some  cases  this  cone  has  become 
loose,  and  closed  up  the  mouth  of*  the  waste  steam 
pipe,  whereby  the  safety  valves  being  rendered  in* 
operative  the  boiler  was  in  danger  of  bursting. 

309.  Q.  —  May  not  danger  arise  from  excessive 
priming  ? 

A,  —  If  the  water  be  carried  out  of  the  boiler  so 
rapidly  by  priming  that  the  level  of  the  water  cannot 
be  maintained,  and  the  flues  or  furnaces  are  in  danger 
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of  becoming  red  hot,  the  best  plan  is  to  open  everj 
furnace  door  and  throw  in  a  few  buckets  full  of  water 
upon  the  fire,  taking  care  to  stand  sufficiently  to  the 
one  side  to  avoid  being  scalded  bj  the  rush  of  steam 
from  the  furnace.  There  is  no  time  to  begin  drawing 
the  fires  in  such  an  emergency,  and  by  this  treatment 
the  fires,  though  not  altogether  extinguished^  will  bo 
rendered  incapable  of  doing  harm.  If  the  flues  be 
already  red  hot,  on  no  account  must  cold  water  be 
suffered  to  enter  the  boiler,  but  the  heat  should  be 
maintained  in  the  furnaces,  and  the  blow  ofi*  cocks  be 
opened,  or  the  mud  hole  doors  loosened,  so  as  to  let 
all  the  water  escape ;  but  at  the  same  time  the  pres- 
sure must  be  kept  quite  low  in  the  boiler,  so  that 
there  will  be  no  danger  of  the  hot  flues  collapsing 
with  the  pressure  of  the  steam. 

310.  Q. — Are  plugs  of  fusible  metal  useful  in  pre- 
venting explosions  ? 

A.  —  Plugs  of  fusible  metal  were  at  one  time  in 
much  repute  as  a  precaution  against  explosion,  the 
metal  being  so  compounded  that  it  melted  with  the 
heat  of  high  pressure  steam ;  but  the  device,  though 
ingenious,  has  not  been  found  of  any  utility  in  prac- 
tice. The  basis  of  fusible  metal  is  mercury,  and  it  is 
found  that  the  compound  is  not  homogeneous,  and 
that  the  mercury  is  forced  by  the  pressure  of  the 
steam  out  of  the  interstices  of  the  metal  combined 
with  it,  leaving  a  porous  metal  which  is  not  easily 
fusible,  and  which  is,  therefore,  unable  to  perform  its 
intended  function.  In  locomotives,  however,  and  also 
in  some  other  boilers,  a  lead  rivet  is  inserted  with 
advantafi^e  in  the  crown  of  the  fire  box    which  is 
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melted  out  if  the  water  becomes  too  low,  and  thus 
gives  notice  of  the  danger. 

311.  Q.  —  May  not  explosion  occur  in  marine 
boilers  from  the  accumulation  of  salt  on  the  flues  ? 

A. — ^Yes^in  marine  boilers  this  is  a  constant  source 
of  danger  which  is  only  to  be  met  by  attention  on  the 
part  of  the  engineer.  If  the  water  in  the  boiler  bp 
suflbred  to  become  too  salt,  an  incrustation  of  salt 
will  take  place  on  the  furnaces,  which  may  cause 
them  to  become  red  hot,  and  they  may  then  be  col- 
lapsed even  by  their  own  weight  aided  by  a  moderate 
pressure  of  steam.  The  expedients  which  should  be 
adopted  for  preventing  such  an  accumulation  of  salt 
from  taking  place  within  the  boiler  as  will  be  inja- 
nous  to  it,  properly  fall  under  the  head  of  the  ma- 
nagement  of  steam  boilers,  and  will  be  explained  hi  a 
subsequent  chapter. 
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8TEAU  PASSAGES. 


312.  Q. — What  size  of  orifice  is  commonlj  allowed 
for  the  escape  of  the  steam  through  the  safety  valve 
in  low  pressure  engines  ? 

A.  —  About  0-8  of  a  circular  inch  per  horse  power, 
or  a  circular  inch  per  1^  horse  power.  The  follow- 
ing rule,  however,  will  give  the  dimensions  suitable 
for  all  kinds  of  engines,  whether  high  or  low  pressure : 
— multiply  the  square  of  the  diameter  of  the  cylinder 
in  inches  by  the  speed  of  the  piston  in  feet  per  minute, 
and  divide  the  product  by  375  times  the  pressure  on 
the  boiler  per  square  inch ;  the  quotient  is  the  proper 
area  of  the  safety  valve  in  square  inches.  This  rule 
of  course  supposes  that  the  evaporating  surface  has 
been  properly  proportioned  to  the  engine  power. 

313.   Q. — ^Is  this  rule  applicable  to  locomotives? 

A.  —  It  is  applicable  to  high  pressure  engines  of 
every  kind.  The  dimensions  of  safety  valves,  how- 
ever, in  practice  are  very  variable,  being  in  some 
cases  greater,  and  in  some  cases  less,  than  what  the 
rule  gives,  the  consideration  being  apparently  as  often 
what  proportions  will  best  prevent  the  valve  from 
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und  the  lever  by  which  thej  are  pressed  down  is 
generally  graduated  in  the  proportion  of  the  area  of 
the  valve  to  unity ;  that  is,  in  the  case  of  a  valve  of 
12  inches  area,  the  long  end  of  the  lever  to  which  the 
spring  balance  is  attached  is  12  times  the  length  of 
the  short  end,  so  that  the  weight  or  pressure  on  the 
balance  shows  the  pressure  per  square  inch  on  the 
boiler.  In  some  cases,  however,  a  spiral  spring,  and 
in  other  cases  a  pile  of  elliptical  springs,  is  placed 
directly  upon  the  top  of  the  valve,  and  it  appears 
desirable  that  one  of  the  valves  at  least  should  be 
loaded  in  this  manner.  It  is  difficult  when  the  lever 
is  divided  in  such  a  proportion  as  12  to  1,  to  get 
sufficient  lift  of  the  valve  without  a  large  increase  of 
pressure  on  the  spring;  and  it  appears  expedient, 
therefore,  to  employ  a  shorter  lever,  which  involves 
either  a  reduction  in  the  area  of  the  valve,  or  an  in- 
creased strength  in  the  spring. 

318.  Q.  —  What  are  the  proper  dimensions  of  the 
steam  passages? 

A,  —  In  slow  working  engines  the  common  size  of 
the  cylinder  passages  is  one-twenty-fifth  of  the  area 
of  the  cylinder,  or  one-fifth  of  the  diameter  of  the 
cylinder,  which  is  the  same  thing.  This  proportion 
corresponds  very  nearly  with  one  square  inch  per 
iiorse  power  when  the  length  of  the  cylinder  is  about 
equal  to  its  diameter ;  and  one  square  inch  of  area 
per  horse  power  for  the  cylinder  ports  and  eduction 
passages  answers  very  well  in  the  case  of  engines 
working  at  the  ordinary  speed  of  220  feet  per  minute. 
The  area  of  the  steam  pipe  is  usually  made  less  than 
the  area  of  the  eduction  pipe,  especially  when  the 
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engine  is  worked  expansively,  and  with  a  considerable 
pressure  of  steam.  In  the  case  of  ordinary  con- 
densing engines,  however^  working  with  the  usaal 
pressure  of  from  4  to  8  lbs.  above  the  atmosphere,  the 
area  of  the  steam  pipe  is  not  less  than  a  circular  inch 
per  horse  power.  In  such  engines  the  diameter  of 
the  steam  pipe  may  be  found  by  the  following  rule : 
divide  the  number  of  nominal  horse  power  by  0*8  and 
extract  the  square  root  of  the  quotient,  which  will  be 
the  internal  diameter  of  the  steam  pipe. 

319.  Q.  —  Will  you  explain  by  what  process  of 
computation  these  proportions  are  arrived  at  ? 

A. — The  size  of  the  steam  pipe  is  so  regulated  that 
there  will  be  no  material  disparity  of  pressure  be- 
tween the  cylinder  and  boiler ;  and  in  fixing  the  size 
of  the  eduction  passage  the  same  object  is  kept  in 
view.  When  the  diameter  of  the  cylinder  and  the 
velocity  with  which  the  piston  travels  are  known,  it 
is  easy  to  tell  what  the  velocity  of  the  steam  in  the 
steam  pipe  will  be ;  for  if  the  area  of  the  cylinder  be 
25  times  greater  than  that  of  the  steam  pipe,  the 
steam  in  the  steam  pipe  must  travel  25  times  faster 
than  the  piston,  and  the  difference  of  pressure  re- 
quisite to  produce  this  velocity  of  the  steam  can 
easily  be  ascertained,  by  finding  what  height  a  column 
of  steam  must  be  to  give  that  velocity,  and  what  the 
weight  or  pressure  is  of  such  a  column.  In  practice, 
however,  this  proportion  is  always  exceeded  from  the 
condensation  of  steam  in  the  pipe. 

320.  Q. — If  the  relation  you  have  mentioned  sub- 
sist between  the  area  of  the  steam  passages  and  the 
velocity  of  the  piston,  then  tbe  passages  must  be 
Inr^er  when  the  piston  travels  very  rapidly  ? 
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A. — And  thej  are  so  made.  The  area  of  the  ports 
of  locomotive  engines  is  usually  so  proportioned  as  to 
be  from  -ji^th  to  ^th  the  area  of  the  cylinder  —  in 
some  cases  even  as  much  as  ^th ;  and  in  aU  high  speed 
engines  the  ports  should  be  very  large,  and  the  valve 
should  have  a  good  deal  of  travel  so  as  to  open  the 
port  very  quickly.  The  area  of  port  which  it  appears 
advisable  to  give  to  modern  engines  of  every  de* 
scription,  is  expressed  by  the  following  rale: — multi- 
ply the  area  of  the  cylinder  in  square  inches  by  the 
speed  of  the  piston  in  feet  per  minute,  and  divide  the 
product  by  4000;  the  quotient  is  the  area  of  each 
cylinder  port  in  square  inches.  This  rule  gives 
rather  more  than  a  square  inch  of  port  per  nominal 
horse  power  to  condensing  engines  working  at  the 
ordinary  speed ;  but  the  excess  is  but  small,  and  is 
upon  the  right  side.  For  engines  travelling  very 
fast  it  gives  a  good  deal  more  area  than  the  common 
proportion,  which  is  too  small  in  nearly  every  case. 
In  locomoti?e  engines  the  eduction  pipe  passes  into 
the  chimney  and  the  force  of  the  issuing  steam  has 
the  effect  of  maintaining  a  rapid  draught  through  the 
furnace  as  before  explained.  The  orifice  of  the  waste 
steam  pipe,  or  the  blast  pipe  as  it  is  termed,  is  much 
contracted  in  some  engines  with  the  view  of  pro- 
ducing a  fiercer  draught,  and  an  area  of  ^nd  of  the 
of  the  cylinder  is  a  common  proportion ;  but  this  is  as 
much  contraction  as  should  be  idlowed,  and  is  greater 
than  is  advisable* 

321.  Q* — In  engines  moving  at  a  high  rate  of 
speed,  you  have  stated  that  it  is  important  to  give  the 
valve  lead,  or  in  other  words  to  allow  the  steam  to 
escape  before  the  end  of  the  stroke  ? 
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A, —  Yea,  this  is  very  importaDt,  else  the  piston 
will  have  to  force  out  the  steam  from  the  cylinder, 
and  will  he  much  resisted.  Near  the  end  of  the  stroke 
the  piston  begins  to  travel  slowly,  and  if  the  steam,  be 
then  permitted  to  escape,  very  little  of  the  effective 
stroke  is  lost,  and  time  is  afforded  to  the  steam,  before 
the  motion  of  the  piston  is  again  accelerated,  to  make 
its  escape  by  the  port.  In  some  locomotives,  from 
inattention  to  this  adjustment  and  from  a  contracted 
area  of  tube  section,  which  involved  a  strong  blast, 
about  half  the  power  of  the  engine  has  been  lost ;  but 
in  more  recent  engines,  by  using  enlarged  ports  and 
by  giving  sufficient  lead,  this  loss  has  been  greatly 
diminished. 

822.  Q.— What  do  you  call  sufficient  lead? 

^.— In  fast  going  engines  I  would  call  it  sufficient 
lead,  when  the  eduction  port  was  nearly  open  at  the 
end  of  the  stroke. 

323.  Q. — Can  you  give  any  example  of  the  benefit 
of  increasing  the  lead  ? 

A* — The  early  locomotives  were  made  with  very 
little  lead,  and  the  proportions  were  in  fact  very  much 
the  same  as  those  previously  existing  in  land  engines. 
About  1832,  the  benefits  of  lap  upon  the  valve,  which 
had  been  employed  by  Boulton  and  Watt  more  than 
twenty  years  before,  were  beginning  to  be  pretty  gene- 
rally apprehended ;  and,  in  the  following  year,  this 
expedient  of  economy  was  applied  to  the  steamer 
Manchester,  in  the  Clyde,  and  to  some  other  ressels, 
with  very  marked  success.  Shortly  after  this  time,  lap 
began  to  be  applied  to  the  valves  of  locomotives,  and 
it  was  found  that  not  only  was  there  a  benefit  from 
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the  operation  of  espansion,  bat  that  there  was  a  still 
greater  benefit  from  the  superior  facility  of  escape 
given  to  the  steani^  inasmuch  as  the  application  of 
lap  inTolred  the  necessity  of  turning  the  eccentric 
round  npon  the  shaft,  which  caused  the  eduction  to 
take  place  before  the  end  of  the  stroke.  In  1840,  one 
of  the  engines  of  the  Liverpool  and  Manchester 
Bailway  was  altered  so  as  to  have  1  inch  lap  on  the 
valve,  and  1  inch  opening  on  the  eduction  side  at  the 
end  of  the  stroke,  the  valve  having  a  total  travel  of 
4^  inches.  The  consumption  of  fuel  per  mile  fell 
from  36-3  lbs.  to  28*6  lbs.,  or  about  25  per  cent.,  and  a 
softer  blast  sufficed.  By  using  larger  exhaust  pas- 
sages, larger  tubes,  and  closer  fire  bars,  the  consump* 
tion  was  subsequently  brought  down  to  16  lbs.  per  mile. 

AIB  PUMP,  CONDENSISR,  AND  HOT  AND  COLD  WATER 
PUMPS. 

324.  Q. — Will  you  state  the  proper  dimensions  of  the 
air  pump  and  condenser  in  land  and  marine  engines  ? 

A. — Mr.  Watt  made  the  air  pump  of  his  engine 
half  the  diameter  of  the  cylinder  and  half  the  stroke, 
or  one-eighth  of  the  capacity,  and  the  condenser  was 
usually  made  about  the  same  size  as  the  air  pump ;  but 
as  the  pressure  of  the  steam  has  been  increased  in  all 
modem  engines,  it  is  better  to  make  the  air  pump  a 
little  larger  than  this  proportion.  0*6  of  the  diameter 
of  the  cylinder  and  half  the  stroke  answers  very  well, 
and  the  condenser  may  be  made  as  large  as  it  can  be 
got  with  convenience,  though  the  same  size  as  the  air 
pump  will  sufiice. 
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325.  Q.  —  Are  air  pamps  now  Bometimes  made 
double  acting  ? 

A. — Most  of  the  recent  direct  acting  marine  engines 
for  driving  the  screw  are  fitted  with  a  double  acting 
air  pump,  and  when  the  air  pump  is  doable  acting,  it 
need  only  be  about  half  the  size  that  is  necessary 
when  it  is  single  acting.  It  is  single  acting  in  nearly 
every  case,  except  the  case  of  direct  acting  screw 
engines  of  recent  construction. 

326.  Q. — What  is  the  difference  between  a  single 
and  a  double  acting  air  pump  ? 

A, — The  single  acting  air  pump  expels  the  air  and 
water  from  the  condenser  only  in  the  upward  stroke 
of  the  pump,  whereas  a  double  acting  air  pump  expels 
the  air  and  water  both  in  the  upward  and  downward 
stroke.  It  has,  therefore,  to  be  provided  with  inlec 
and  outlet  valves  at  both  ends,  whereas  the  single 
acting  pump  has  only  to  be  provided  with  an  inlet  or 
foot  valve,  as  it  is  termed,  at  the  bottom,  and  with  an 
outlet  or  delivery  valve,  as  it  is  termed,  at  the  top. 
The  single  acting  air  pump  requires  to  be  provided 
with  a  valve  or  valves  in  the  piston  or  bucket  of  the 
pump  to  enable  the  air  and  water  lying  below  the 
bucket  when  it  begins  to  descend,  and  which  have 
entered  from  the  condenser  during  the  upward  stroke, 
to  pass  through  the  bucket  into  the  space  above  it 
during  the  downward  stroke,  from  whence  they  are 
expelled  into  the  atmosphere  on  the  upward  stroke 
succeeding.  But  in  the  double  acting  air  pump  no 
Talve  is  required  in  the  piston  or  bucket  of  the  pump, 
and  all  that  is  necessary  is  an  inlet  and  outlet  valve 
at  each  end. 
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327.  Q. — Wliat  are  the  ^mensiooB  of  the  foot  and 
diachai^e  valves  of  the  air  pump  ? 

^.— The  area  through  the  foot  and  discharge  valves 
is  nsnally  niade  equal  to  one-fourth  of  the  area  of  the 
air  pump,  and  the  diameter  of  the  waste  water  pipe  is 
made  one-fourth  of  the  diameter  of  the  cylinder,  which 
gives  an  area  somewhat  less  than  that  of  the  foot  and 
discharge  valve  passages.  But  this  proportion  only 
applies  in  slow  engines.  In  fast  engines,  with  the  air 
pump  bucket  moving  as  fast  as  the  piston,  the  area 
through  the  foot  and  dischai^  valves  should  be  equal 
to  the  area  of  the  pump  itself,  and  the  waste  water 
pipe  should  be  of  about  the  same  dimensions. 

328.  Q* — Tou  have  stated  that  double  acting  air 
pumps  need  onlj  be  of  half  the  sise  of  single  acting 
ones.     Does  that  relation  hold  at  all  speeds  ? 

A. — It  holds  at  all  speeds  if  the  velocity  of  the 
pump  buckets  are  in  each  case  the  same ;  but  it  does 
not  hold  if  the  engine  with  the  single  acting  pump 
works  slowly,  and  the  engine  with  the  double  acting 
pump  moves  rapidly,  as  in  the  case  of  direct  acting 
screw  engines.  All  pumps  moving  at  a  high  rate  of 
speed  lose  part  of  their  efficiency,  and  such  pumps 
should  therefore  be  of  extra  size. 

329.  Q. — How  do  you  estimate  the  quantity  of 
water  requisite  for  condensation  ? 

A.  —  Mr.  Watt  found  that  the  most  beneficial  tem- 
perature of  the  hot  well  of  his  engines  was  100  degrees. 
If,  therefore,  the  temperature  of  the  steam  be  212%  and 
the  latent  heat  1000%  then  1212^  may  be  taken  to 
represent  the  heat  contained  in  the  steam,  or  1112^ 
if  we  deduct  the  temperature  of  the  hot  welL    If  the 
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temperature  of  the  injection  water  be  60^,  then  50  de- 
grees of  cold  are  available  for  the  abstraction  of  heat, 
and  as  the  total  quantity  of  heat  to  be  abstracted  is 
that  requisite  to  raise  the  quantity  of  water  in  the 
steam  1112  degrees,  or  1112  times  that  quantity  one 
degree,  it  would  raise  one-fiftieth  of  this,  or  22*24 
times  the  quantity  of  water  in  the  steam  50  d^rees. 
A  cubic  inch  of  water  therefore  raised  into  steam  will 
require  22*24  cubic  inches  of  water  at  50  degrees  for 
its  condensation,  and  wiU  form  therewith  23*24  cubic 
inches  of  hot  water  at  100  degrees.  Mr.  Watt's  prac- 
tice was  to  allow  about  a  wine  pint  (28*9  cubic  inches) 
of  injection  water,  for  every  cubic  inch  of  water  eva- 
porated from  the  boiler. 

330.  Q* — Is  not  a  good  vacuum  in  an  engine  con- 
ducive to  increased  power  ? 

A, — It  is. 

331.  Q* — And  is  not  the  vacuum  good  in  the  pro- 
portion in  which  the  temperature  is  low,  supposing 
there  to  be  no  air  leaks  ? 

-4.— Yes. 

332.  Q. — Then  how  could  Mr.  Watt  find  a  tempera- 
ture of  100°  in  the  water  drawn  from  the  condenser, 
to  be  more  beneficial  than  a  temperature  of  70^  or 
80°,  supposing  there  to  be  an  abundant  supply  of  cold 
water? 

333.  A. —  Because  the  superior  vacuum  due  to  a 
temperature  of  70^  or  80^  involves  the  admission  of 
so  much  cold  water  into  the  condenser,  which  has  after- 
wards to  be  pumped  out  in  opposition  to  the  pressare 
of  the  atmosphere,  that  the  gain  in  the  vacuum  does 
not  equal  the  loss  of  power  occasioned  by  the  addi- 
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tional  load  upon  the  pump,  and  there  is  therefore  a 
clear  loss  by  the  reduction  of  the  temperature  below 
100^,  if  such  reduction  be  caused  bj  the  admission  of 
an  additional  quantity  of  water.  If  the  reduction  of 
temperature,  however,  be  caused  by  the  use  of  colder 
water,  there  is  a  gain  produced  by  it,  though  the  gain 
will  within  certain  limits  be  greater  if  advantage  be 
taken  of  the  lowness  of  the  temperature  to  diminish 
the  quantity  of  injection. 

334.  Q. — How  do  you  determine  the  proper  area  of 
the  injection  orifice  ? 

A. — The  area  of  the  injection  orifice  proper  for  any 
engine  can  easily  be  told  when  the  quantity  of  water 
requisite  to  condense  the  steam  is  known,  and  the  pres- 
sure is  specified  under  which  the  water  enters  the  con- 
denser. The  vacuum  in  the  condenser  may  be  taken 
at  26  inches  of  mercury  which  is  equivalent  to  a  column 
of  water  29*4  ft.  high,  and  the  square  root  of  29*4 
multiplied  by  8*021  is  43*13,  which  is  the  velocity  in 
feet  per  second  that  a  heavy  body  would  acquire  in 
falling  29*4  ft.,  or  with  which  the  water  would  enter 
the  condenser.  Now,  if  a  cubic  foot  of  water  evapo- 
rated per  hour  be  equivalent  to  an  actual  horse  power, 
and  28*9  cubic  inches  of  water  be  requisite  for  the 
condensation  of  a  cubic  inch  of  water  in  the  form  of 
steam,  28*9  cubic  feet  of  condensing  water  pet  horse 
power  per  hour,  or  13*905  cubic  inches  per  second,  will 
be  necessary  for  the  engine,  and  the  size  of  the  injec- 
tion orifice  must  be  such  that  this  quantity  of  water 
flowing  with  the  velocity  of  43*15  ft.  per  second,  or 
517*8  inches  per  second,  will  gain  admission^  to  the  con- 
denser    Diriding,  therefore,  13*905,  the  number  of 
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cubic  inches  to  be  injected,  by  517*8  the  velocity  of 
inflnz  in  inches  per  second,  we  get  0*02685  for  the 
area  of  the  orifice  in  square  inches ;  but  inasmuch  as 
it  has  been  found  by  experiment  that  the  actual  dis- 
charge of  water  through  a  hole  in  a  thin  plate  is  only 
six-tenths  of  the  theoretical  discharge  on  account  of 
the  contracted  vein,  the  area  of  the  orifice  must  be  in- 
creased in  the  proportion  of  such  diminution  of  e£fect^ 
or  be  made  0*04475,  or  ^^nd  of  a  square  inch  per  horse 
power.  This,  it  will  be  remarked,  is  the  theoretical 
area  required  per  actual  horse  power;  but  as  the 
friction  and  contractions  in  the  pipe  further  reduce 
the  discharge,  the  area  is  made  i^th  of  a  square  inch 
per  actual  horse  power  or  rather  per  cubic  foot  of 
water  evaporated  from  the  boiler. 

835.  Q* — Cannot  the  condensation  of  the  steam  be 
accomplished  by  any  other  means  than  by  the  admis- 
sion of  cold  water  into  the  comlenser  ? 

A, — It  may  be  accomplished  by  the  method  of  ex- 
ternal cold,  as  it  is  called,  which  consists  in  the  appli- 
cation of  a  large  number  of  thin  metallic  surfaces  to 
the  condenser,  on  the  one  side  of  which  the  steam  cir- 
culates, while  on  the  other  side  there  is  a  constant 
current  of  cold  water,  and  the  steam  is  condensed  by 
coming  into  contact  with  the  cold  surfaces,  without 
mingling  with  the  water  used  for  the  purpose  of  refri- 
geration. The  first  kind  of  condenser  employed  by 
Mr.  Watt  was  constructed  after  this  fashion,  but  he 
found  it  in  practice  to  be  inconvenient  from  its  size, 
and  to  become  furred  up  or  incrusted  when  the  water 
was  bad,  whereby  the  conducting  power  of  the  metal 
was  impaired.     He  therefore  reverted  to  the  use  of 
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the  jet  of  cold  water,  as  being  upon  the  whole  prefer- 
able.  The  jet  entered  the  condenser  instead  of  the 
cjlinder,  as  was  the  preTioaspractice^  and  this  method 
is  now  the  one  in  common  use.  Several  jears  ago,  a 
good  number  of  steam  vessels  were  fitted  with  Hall's 
condensers,  which  operated  on  the  principle  of  ex* 
ternal  cold,  and  which  consisted  of  a  faggot  of  small 
copper  tubes  surrounded  by  water ;  but  the  use  of 
those  condensers  was  relinquished.  Latterly,  how- 
ever, the  plan  has  been  revived,  and  is  now  widely 
employed. 

336.  Q.— You  stated  that  the  capacity  of  the  feed 
pump  was  T^th  of  the  capacity  of  the  cylinder  in 
the  case  of  condensing  engines, —the  engine  being 
double  acting  and  the  pump  single  acting, — and  that 
in  high  pressure  engines  the  capacity  of  the  pump 
should  be  greater  in  proportion  to  the  pressure  of  the 
steam.  Can  you  give  any  rule  that  will  express  the 
proper  capaci^  for  the  feed  pump  at  all  pressures  ? 

A* — That  will  not  be  difficult  In  low  pressure  en- 
gines the  pressure  in  the  boiler  may  be  taken  at  5  lbs. 
above  the  atmospheric  pressure,  or  20  lbs.  altogether ; 
and  as  high  pressure  steam  is  merely  low  pressure 
steam  compressed  into  a  smaller  compass,  the  size  of 
the  feed  pump  in  relation  to  the  size  of  the  cylinder 
must  obviously  vary  in  the  direct  proportion  of  the 
pressure ;  and  if  it  be  ^^th  of  the  capacity  of  the 
cylinder  when  the  total  pressure  of  the  steam  is  201bs., 
it  must  be  i^th  of  the  capacity  of  the  cylinder  when 
the  pressure  is  40  lbs.  per  square  inch,  or  25  lbs.  per 
square  inch  above  the  atmospheric  pressure.  This  law 
of  variation  is  expressed  by  the  following  rule : — mul- 
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tiply  the  capacity  of  the  cylinder  in  cubic  inches  by 
the  totd  pressure  of  the  steam  in  lbs.  per  square  inch, 
or  the  pressure  per  square  inch  on  the  safety  yalve 
plus  ]  5,  and  divide  the  product  by  4800 ;  the  quotient 
is  the  capacity  of  the  feed  pump  in  cubic  inches, 
when  the  feed  pump  is  single  acting  and  the  engine 
double  acting.  If  the  feed  pump  be  double  acting, 
or  the  engine  single  acting,  the  capacity  of  the  pump 
must  just  be  one-half  of  what  is  given  by  this  rule. 

337.  Q. — But  should  not  some  addition  be  made  to 
the  size  of  pump  thus  obtained  if  the  pump  works  at  a 
high  rate  of  speed  ? 

A, — No;  this  rule  makes  allowance  for  defective 
action.  All  pumps  lift  much  less  water  than  is  due 
to  the  size  of  their  barrels  and  the  number  of  their 
strokes.  Moderately  good  pumps  lose  50  per  cent, 
of  their  theoretical  effect,  and  bad  pumps  80  per 
cent. 

338.  Q. — To  what  is  this  loss  of  effect  to  be  chiefly 
ascribed  ? 

A» —  Mainly  to  the  inertia  of  the  water,  which,  if 
the  pump  piston  be  drawn  up  very  rapidly,  cannot 
follow  it  with  sufficient  rapidity ;  so  that  there  may 
be  a  vacant  space  between  the  piston  and  the  water ; 
and  at  the  return  stroke  the  momentum  of  the  water 
in  the  pipe  expends  itself  in  giving  a  reverse  motion 
to  the  column  of  water  approaching  the  pump. 
Messrs.  Kirchweger  and  Frusman,  of  Hanover,  have 
investigated  this  subject  by  applying  a  revolving  cock 
at  the  end  of  a  pipe  leading  from  an  elevated  cistern 
containing  water,  and  the  water  escaped  at  every  re- 
volution of  the  cock  in  the  same  manner  as  if  a  pump 
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were  drawing  it.  With  a  column  of  water  of  17  feet, 
they  found  that  at  80  revolations  of  the  cock  per 
minate,  the  water  delivered  per  minute  bj  the  cock 
was  9*45  gallons ;  but  with  140  revolutions  of  the  cock 
per  minute,  the  water  delivered  per  minute  by  the 
cock  was  only  5'42  gallons.  They  subsequently 
applied  an  air  vessel  to  the  pipe  beside  the  cock,  when 
the  discharge  rose  to  12*9  gallons  per  minute  with  80 
revolutions,  and  18*28  gallons  with  140  revolutions. 
Air  vessels  should  therefore  be  applied  to  the  suction 
side  of  fast  moving  pumps,  and  the  suction  pipe 
should  be  made  as  short  as  possible. 

339«  Q. — What  are  the  usual  dimensions  of  the 
cold  water  pump  of  land  engines  ? 

A. — If  to  condense  a  cubic  inch  of  water  raised 
into  steam  28*9  cubic  inches  of  condensing  water  are 
required,  then  the  cold  water  pump  ought  to  be  28*9 
times  larger  than  the  feed  pump,  supposing  that  its 
losses  were  equally  great.  The  feed  pump,  however, 
is  made  sufficiently  large  to  compensate  for  leaks  in 
the  boiler  and  loss  of  steam  through  the  safety  valve, 
so  that  it  will  be  sufficient  if  the  cold  water  pump  be 
24  times  larger  than  the  feed  pump.  This  ratio  is 
preserved  by  the  following  rule : — multiply  the 
capacity  of  the  cylinder  in  cubic  inches  by  the  total 
pressure  of  the  steam  per  square  inch,  or  the  pressure 
on  the  safety  valve  plus  15,  and  divide  the  product 
by  200.  The  quotient  is  the  proper  capacity  of  the 
cold  water  pump  in  cubic  inches  when  the  engine 
is  double  acting,  and  the  pump  single  acting. 
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FLY  WHEEL. 

340.  Q. — By  what  considerations  do  you  deter- 
mine the  dimensions  of  the  fly  wheel  of  an  engine  ? 

A.  —  By  a  reference  to  the  power  generated,  each 
half  stroke  of  the  engine,  and  the  number  of  half 
strokes  that  are  necessary  to  give  to  the  fly  wheel  its 
standard  Velocity,  supposing  the  whole  power  deyoted 
to  that  object.  In  practice  the  power  resident  in  the 
fly  varies  from  2^  to  6  times  that  generated  each  half 
stroke ;  and  if  the  weight  of  the  wheel  be  equal  to  the 
pressure  on  the  piston,  its  velocity  must  be  such  as  it 
would  acquire  by  falling  through  a  height  equal  to 
from  2^  to  6  times  the  stroke,  according  to  the  purpose 
for  which  the  engine  is  intended.  If  a  very  equable 
motion  is  required,  a  heavier  or  swifter  fly  wheel 
must  be  employed* 

341.  Q.  — What  is  Boulton  and  Watt's  rule  for  fly 
wheels  ? 

A»  —  Their  rule  is  one  which  under  any  given 
circumstances  flzes  the  sectional  area  of  the  fly  wheel 
rim,  and  it  is  as  follows: — multiply  44,000  times  the 
square  of  the  diameter  of  the  cylinder  in  inches  by 
the  length  of  the  stroke  in  feet,  and  divide  this  product 
by  the  product  of  the  square  of  the  number  of  revolu- 
tions of  the  fly  wheel  per  minute,  multiplied  by  the 
cube  of  its  diameter  in  feet.  The  quotient  is  the  area 
of  section  of  the  fly  wheel  rim  in  square  inches. 

STRENGTHS   OF  LAM1>  KN61KBS. 

342.  Q, — Can  you  give  a  rule  for  telling  the  proper 
thickness  of  the  cylinders  of  steam  engines  ? 

A, — In  low  pressure  engines  the  thickness  of  metal 
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of  the  cjlinder,  in  engines  of  a  medium  size,  should  be 
about  ^th  of  the  diameter  of  the  cylinder,  which, 
with  a  pressure  of  steam  of  20  lbs.  above  the  atmo- 
sphere, will  occasion  a  strain  of  only  400  lbs.  per 
square  inch  of  section  of  the  metal ;  the  thickness  of 
the  metal  of  the  trunnion  bearings  of  oscillating  engines 
should  be  ^nd  of  the  diameter  of  the  cylinder,  and  the 
breadth  of  the  bearing  should  be  about  half  its 
diameter.  In  high  pressure  engines  the  thickness  of 
the  cylinder  should  be  about  -^^^h  its  diameter,  which, 
with  a  pressure  of  steam  of  80  lbs.  upon  the  square 
iheh,  will  occasion  a  strain  of  640  lbs.  upon  the  square 
inch  of  section  of  the  metal ;  and  the  thickness  of  the 
metal  of  the  trunnion  bearings  of  high  pressure  oscil- 
lating engines  should  be  -^th  of  the  diameter  of  the 
cjlinder.  The  strength,  however,  is  not  the  sole 
consideration  in  proportioning  cylinders,  for  they 
roust  be  made  of  a  certain  thickness,  however  small 
the  pressure  is  within  them,  that  they  may  not  be  too 
fragile,  and  will  stand  boring.  While,  also,  an  engine 
of  40  inches  diameter  would  be  about  one  inch  thick, 
the  thickness  would  not  be  quite  two  inches  in  an  80 
inch  cylinder.  In  fact  there  will  be  a  small  constant 
added  to  the  thickness  for  all  diameters,  which  will  be 
relatively  larger  the  smaller  the  cylinders  become. 
In  the  engines  of  Penn's  12  horse  power  engines,  the 
diameter  of  cylinder  being  21^  inches,  the  thickness 
of  the  metal  is  -^ths :  in  Penn's  40  inch  cylinders,  the 
thickness  is  1  inch,  and  in  the  engines  of  the  Ripon, 
Pottinger,  and  Indus,  by  Messrs.  Miller,  Ravenhill, 
and  Co.,  with  cylinders  76  inches  diameter,  the  thick- 
ness of  the  metal  is  1|^.  These  are  all  oscillating 
engines. 
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343.  Q.  —  What  is  the  proportion  of  the  piston  rod  ? 
A. — The  diameter  of  the  piston  rod  is  usually  made 

•jl^th  of  the  diameter  of  the  cjlinder,  or  the  sectional 
area  of  the  piston  rod  is  rWth  of  the  area  of  the 
cylinder.  This  proportion,  however,  is  not  applicable 
to  locomotive,  or  even  fast  moving  marine  engines. 
In  locomotive  engines  the  piston  rod  is  made  -f th  of 
the  diameter  of  the  cylinder,  and  it  is  obvious  that 
where  the  pressure  on  the  piston  is  great,  the  piston 
rod  must  be  larger  than  when  the  pressure  on  the 
piston  is  small. 

344.  Q.  —  What  are  the  proper  dimensions  of  the 
main  links  of  a  land  beam  engine? 

A,  —  The  sectional  area  of  the  main  links  in  land 
beam  engines  is  j^^th  of  the  area  of  the  cylinder,  and 
the  length  of  the  main  links  is  usually  half  the  length 
of  the  stroke. 

345.  Q. — What  are  the  dimensions  of  the  connect- 
ing rod  of  a  land  engine  ? 

A, — In  land  engines  the  connecting  rod  is  usually 
of  cast  iron  with  a  cruciform  section:  the  breadth 
across  the  arms  of  the  cross  is  about  ^th  of  the  length 
of  the  rod,  the  sectional  area  at  the  centre  ^th  of  the 
area  of  the  cylinder,  and  at  the  ends  ^th  of  the  area 
of  the  cylinder :  the  length  of  the  rod  is  usually  3^ 
times  the  length  of  the  stroke.  It  is  preferable,  how* 
ever,  to  make  the  connecting  rod  of  maUeable  iron, 
and  then  the  dimensions  will  be  those  proper  for 
marine  engines. 

346.  Q What  was  Mr.  Watt's  rule  for  the  con- 
necting rod  ? 

A.  —  Some  of  his  connecting  rods  were  of  iron  and 
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some  of  wood.  To  determine  the  thickness  when  of 
woody  multiply  the  square  of  the  diameter  of  the 
cylinder  in  inches  bj  the  length  of  the  stroke  in  feet, 
and  divide  the  product  by  24.  Extract  the  fourth 
root  of  the  quotient,  which  is  the  thickness  in  inches. 
For  iron  the  rule  is  the  same,  only  the  divisor  was 
57*6  instead  of  24. 

347.  Q.  —  What  are  the  dimensions  of  the  end 
studs  of  a  land  engine  beam  ? 

A. — In  low  pressure  engines  the  diameter  of  the 
end  studs  of  the  engine  beam,  are  usually  made  ^th  of 
the  diameter  of  the  cylinder  when  of  cast  iron,  and 
-^^h  when  of  wrought  iron,  which  gives  a  load  with 
low  steam  of  about  500  lbs.  per  circular  inch  of  trans- 
verse section ;  but  a  larger  size  is  preferable,  as  with 
large  bearings  the  brasses  do  not  wear  so  rapidly  and 
the  straps  are  not  so  likely  to  be  burst  by  the  bearings 
becoming  oval.  These  sizes,  as  also  those  which  im- 
mediately follow,  suppose  the  pressure  on  the  piston 
to  be  18  lbs.  per  circular  inch. 

348.  Q. — How  is  the  strength  of  a  cast  iron  gudgeon 
computed? 

A, — To  find  the  proper  size  of  a  cast  iron  gudgeon 
adapted  to  sustain  any  given  weight: — multiply  the 
weight  in  lbs.  by  the  intended  length  of  bearing 
expressed  in  terms  of  the  diameter ;  divide  the  product 
by  500,  and  extract  the  square  root  of  the  quotient, 
which  is  the  diameter  in  inches. 

349.  Q.  — What  was  Mr.  Watt's  rule  for  the 
strength  of  gudgeons  ? 

A»  —  Supposing  the  gudgeon  to  be  square,  then,  to 
ascertain  the  thickness,  multiply  the  weight  resting 
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on  the  gadgeon  bj  the  distance  between  the  trunnion.% 
and  divide  the  product  bj  333.  Extract  the  cube 
root  of  the  quotient,  which  is  the  thickness  in  inches. 

350.  Q.-*How  do  you  find  the  proper  strength  for 
^he  cast  iron  beam  of  a  land  engine  ? 

^.  •—  If  the  force  acting  at  the  end  of  an  engine 
beam  be  taken  at  18  lbs.  per  circular  inch  of  the 
piston,  then  the  force  acting  at  the  middle  will  be 
36  lbs.  per  circular  inch  of  the  piston,  and  the  proper 
strength  of  the  beam  at  the  centre  will  be  found  by 
the  following  rule:-* divide  the  weight  in  lbs.  acting 
at  the  centre  by  250^  and  multiply  the  quotient  by  the 
distance  between  the  extreme  centres.  To  find  the 
depth,  the  breadth  being  given : — divide  this  product 
by  the  breadth  in  inches,  and  extract  the  square  root 
of  the  quotient,  which  is  the  depth«  The  depth  of  a 
land  engine  beam  at  the  ends  is  usually  made  one-third 
of  the  depth  at  the  centre  (the  depth  at  the  centre 
being  equal  to  the  diameter  of  the  cylinder  in  the  case 
of  low  pressure  engines),  while  the  length  is  made 
equal  to  three  times  the  length  of  the  stroke,  and  the 
mean  thickness  j^-^th  of  the  length — the  width  of  the 
edge  bead  being  about  three  times  the  thickness  of  the 
web.  In  many  modem  engines  the  force  acting  at 
the  end  of  the  beam  is  more  than  18  lbs.  per  circular 
inch  of  the  piston,  and  it  is  now  known  moreover 
that  the  strength  of  a  beam  depends  mainly  on  the 
strength  of  the  flanges. 

351.  Q._What  was  Mr.  Watt's  rule  for  the  main 
beams  of  his  engines  ? 

A, — Some  of  those  beams  were  of  wood  and  some 
of  cast  iron.     The  wood  beams  were  so  proportioned 
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that  the  thickness  was  3^7  th  of  the  circumference,  and 
the  depth  ^.^7.  The  side  of  the  beam,  supposing  it 
square,  was  found  by  multiplying  the  diameter  of  the 
cylinder  by  the  length  of  the  stroke,  and  extracting 
the  cube  root  of  the  quotient,  which  will  be  the  depth 
or  thickness  of  the  beam.  This  rule  allows  a  b^m 
16  feet  long  to  bend  |th  of  an  inch,  and  a  beam  32 
feet  long  to  bend  ^  of  an  inch.  For  cast  iron  beams 
the  square  of  the  diameter  of  the  cylinder,  mnltiplied 
by  half  the  length  between  the  oentres,  is  equal  to  the 
square  of  the  depth,  multiplied  by  the  thickness. 

352.  Q — What  law  does  the  strength  of  beams  and 
shafts  follow  ? 

A.  —  In  the  case  of  beams  subjected  to  a  breaking 
force,  the  strength  with  any  given  cohesion  of  the 
material  will  be  proportional  to  the  breadth,  multi- 
plied by  the  square  of  the  depth  ;  and  in  the  case  of 
reTolving  shafts  exposed  to  a  twisting  strain,  the 
strength  with  any  given  cohesive  power  of  the  material 
will  be  as  the  cube  of  the  diameter. 

353.  Q. — How  is  the  strength  of  a  cast  iron  shaft 
to  resist  torsion  determined  ? 

A. — Experiments  upon  the  force  requisite  to  twist 
off  cast  iron  necks  show  that  if  the  cube  of  the 
diameter  of  neck  in  inches  be  multiplied  by  880,  the 
product  will  be  the  force  of  torsion  which  will  twist 
them  off  when  acting  at  6  inches  radius ;  on  this  fact 
the  following  rule  is  founded :  To  find  the  diameter 
of  a  cast  iron  fly  wheel  shaft : — multiply  the  square  of 
the  diameter  of  the  cylinder  in  inches,  by  the  length 
of  the  crank  in  inches,  and  extract  the  cube  root  of 
the  product,  which  multiply  by  0*3025,  and  the  result 
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will  be  the  proper  diameter  of  the  shaft  in  inches  at 
the  smallest  part,  when  of  cast  iron. 

354.  Q. — What  was  Mr.  Watt's  rule  for  the  necks 
of  his  crank  shafts  ? 

A.  —  Taking  the  pressure  on  the  piston  at  12  lbs. 
pressure  on  the  square  inch,  and  supposing  this  force 
to  be  applied  at  one  foot  radius,  divide  the  total 
pressure  of  the  piston  reduced  to  1  foot  of  radius  by 
31*4,  and  extract  the  cube  root  of  the  quotient,  which 
is  the  diameter  of  the  shaft:  or  extract  the  cube  root 
of  13*7  times  the  number  of  cubic  feet  of  steam 
required  to  make  one  revolution,  which  is  also  the 
diameter  of  the  shaft. 

355.  Q.  —  Can  you  give  any  rule  for  the  strength 
of  the  teeth  of  wheels  ? 

A, To  find  the  proper  dimensions  for  the  teeth  of 

a  cast  iron  wheel :  — multiply  the  diameter  of  the  pitch 
circle  in  feet  by  the  number  of  revolutions  to  be  made 
per  minute,  and  reserve  the  product  for  a  divisor; 
multiply  the  number  of  actual  horses  power  to  be 
transmitted  by  240,  and  divide  the  product  by  the 
above  divisor,  which  will  give  the  strength.  If  the 
pitch  be  given  to  find  the  breadth,  divide  the  above 
strength  by  the  square  of  the  pitch  in  inches ;  or  if 
the  breadth  be  given,  then  to  find  the  pitch  divide 
t)ie  strength  by  the  breadth  in  inches,  and  extract  the 
square  root  of  the  quotient,  which  is  the  proper  pitch 
in  inches.  The  length  of  the  teeth  is  usually  about 
f ths  of  the  pitch.  Pinions  to  work  satisfactorily 
should  not  have  less  than  30  or  40  teeth,  and  where 
the  speed  exceeds  220  feet  in  the  minute,  the  teeth  of 
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the  larger  wheel  should  be  of  wood,  made  a  little 
thicker  to  keep  the  strength  unimpaired. 

356.  Q.  —  What  was  Mr.  Watt's  rule  for  the  pitch 
of  wheels  ? 

A. — Multiply  five  times  the  diameter  of  the  larger 
wheel  by  the  diameter  of  the  smaller,  and  extract  the 
fourth  root  of  the  product  which  is  the  pitch. 
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357.  Q.  —  Cannot  you  give  some  rules  of  strength 
which  will  be  applicable  whateyer  pressure  may  be 
employed  ? 

A.  —  In  the  rules  already  given,  the  effective 
pressure  may  be  reckoned  at  from  12  to  23  lbs.  upon 
every  square  inch  of  the  piston,  as  is  usual  in  land 
engines ;  and  if  the  pressure  upon  every  square  inch 
of  the  piston  be  made  twice  greater,  the  dimensions 
must  just  be  those  proper  for  an  engine  of  twice  the 
area  of  piston.  It  will  not  be  difficult,  however,  to 
introduce  the  pressure  into  the  rules  as  an  element  of 
the  computation,  whereby  the  result  will  be  applicable 
both  to  high  and  low  pressure  engines. 

358.  Q.  —  Will  you  apply  this  mode  of  computation 
to  a  marine  engine,  and  first  find  the  diameter  of  the 
piston  rod? 

Au  —  The  diameter  of  the  piston  rod  may  be  found 
by  multiplying  the  diameter  of  the  cylinder  in  inches, 
by  the  square  root  of  the  pressure  on  the  piston  in 
lbs.  per  square  inch,  and  dividing  by  50,  which 
makes  the  strain  |th  of  the  elastic  force^ 
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359.  Q.— What  will  be  the  rule  for  the  connecting 
rod,  supposing  it  to  be  of  malleable  iron  ? 

^.  — The  diameter  of  the  connecting  rod  aft  the 
ends,  maj  be  found  by  mnltipljing  0-019  times  the 
square  root  of  the  pressure  on  the  piston  in  lbs.  per 
square  inoh  by  the  diameter  of  the  cylinder  in  inches ; 
and  the  diameter  of  the  connecting  rod  in  the  middle 
may  be  found  by  the  following  rule : — to  0*0035  times 
the  length  of  the  connecting  rod  in  inches,  add  1,  and 
multiply  the  sum  by  0-019  times  the  square  root  of 
the  pressure  on  the  piston  in  lbs.  per  square  inch^ 
multiplied  by  the  diameter  of  the  cylinder  in  inches. 
The  strain  is  equal  to  ^th  of  the  elastic  force. 

360.  Q.  —  How  will  you  find  the  diameter  of  the 
cylinder  side  rods  of  a  marine  engine  ? 

A.  —  The  diameter  of  the  cylinder  side  rods  at  the 
ends  may  be  found  by  multiplying  0-0129  times  the 
square  root  of  the  pressure  on  the  piston  in  lbs.  per 
square  inch  by  the  diameter  of  the  cylinder ;  and  the 
diameter  of  the  cylinder  side  rods  at  the  middle  is 
found  by  the  following  rule :  —  to  0*0035  times  the 
length  of  the  rod  in  inches,  add  1,  and  multiply  the 
sum  by  0*0129  times  the  square  root  of  the  pressure 
on  the  piston  in  lbs.  per  square  inch,  multiplied  by 
the  diameter  of  the  cylinder  in  inches ;  the  product  is 
the  diameter  of  each  side  rod  at  the  centre  in  inches. 
The  strain  upon  the  side  rods  is  by  these  rules  equal 
to  ^th  of  the  elastic  force. 

361.  Q. — How  do  you  determine  the  dimensions  of 
the  crank  ? 

A,  —  To  find  the  exterior  diameter  of  the  large  eye 
of  the  crank  when  of  malleable  iron  : — to  1*561  times 
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'  the  pressure  of  the  steam  upoA  the  piston  in  lbs.  per 
square  inch,  multiplied  bj  the  square  of  the  length 
of  the  crank  in  inches,  add  0KX)494  times  the  square 
of  the  diameter  of  the  cylinder  in  inchesi  multiplied 
by  the  square  of  the  number  of  lbs.  pressure  per  square 
inch  on  the  piston  $  extract  the  square  root  of  this 
quantity;  divide  the  result  by  75*59  times  the  square 
root  of  the  length  of  the  crank  in  inches^  and  mtdtiply 
the  quotient  by  the  diameter  of  the  cylinder  in  inches ; 
square  the  product  and  extract  the  cube  root  of  the 
square,  to  which  add  the  diameter  of  the  hole  for  the 
reception  of  the  shaft,  and  the  result  will  be  the  ex* 
tenor  diameter  of  the  large  eye  of  the  crank  when  of 
malleable  iron.  The  diameter  of  the  small  eye  of  the 
crank  may  be  found  by  adding  to  the  diameter  of  the 
crank  pin  0*02521  times  the  square  root  of  the  pres- 
sure on  the  piston  in  lbs.  per  square  inch,  multiplied 
by  the  diameter  of  the  cylinder  in  inches. 

362.  Q.*- What  will  be  the  thickness  of  the  crank 
web? 

A.  —  The  thickness  of  the  web  of  the  crank,  sup- 
posing it  to  be  continued  to  the  centre  of  the  shaft, 
would  at  that  point  be  represented  by  the  following 
rule :-—  to  1*561  times  the  square  of  the  length  of  the 
crank  in  inches,  add  0*00494  times  the  square  of  the 
diameter  of  the  cylinder  in  inches,  multiplied  by  the 
pressure  on  the  piston  in  lbs.  per  square  inch ;  extract 
the  square  root  of  the  sum,  which  multiply  by  the 
diameter  of  the  cylinder  squared  in  inches,  and  by  the 
pressure  on  the  piston  in  lbs.  per  square  inch ;  divide 
the  product  by  9000,  and  extract  the  cube  root  of  the 
quotient,  which  will  be  the  proper  thickness  of  the 
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web  of  the  crank  when  of  malleable  iron,  supposing 
the  web  to  be  continued  to  the  centre  of  the  shaf^ 
The  thickness  of  the  web  at  the  crank  pin  centre, 
supposing  it  to  be  continued  thither,  woald  be  0*022 
times  the  square  root  of  the  pressure  on  the  piston  in 
lbs.  per  square  inch,  multiplied  by  the  diameter  of  the 
cylinder.  The  breadth  of  the  web  of  the  crank  at  the 
shaft  centre  should  be  twice  the  thickness,  and  at  the 
pin  centre  1^  times  the  thickness  of  the  web ;  the 
length  of  the  large  eye  of  the  crank  should  be  equal 
to  the  diameter  of  the  shaft,  and  of  the  small  eye 
0  0375  times  the  square  root  of  the  pressure  on  the 
piston  in  lbs.  per  square  inch,  multiplied  by  the 
diameter  of  the  cylinder. 

363.  Q, — Will  you  apply  the  same  method  of  com- 
putation to  find  the  dimensions  of  a  malleable  iron 
paddle  shaft  ? 

A, — The  method  of  computation  will  be  as  follows : 
— to  find  the  dimensions  of  a  malleable  iron  paddle 
shaft,  so  that  the  strain  shall  not  exceed  fths  of  the 
elastic  force,  or  f  ths  of  the  force  iron  is  capable  of 
withstanding  without  permanent  derangement  of 
structure,  which  in  tensile  strains  is  taken  at  17,800  lbs. 
per  square  inch:  multiply  the  pressure  in  lbs.  per 
square  inch  on  the  piston  by  the  square  of  the 
diameter  of  the  cylinder  in  inches,  and  the  length  of 
the  crank  in  inches,  and  extract  the  cube  root  of  the 
product,  which,  multiplied  by  008264,  will  be  the 
diameter  of  the  paddle  shaft  journal  in  inches  when  of 
malleable  iron,  whaterer  the  pressure  of  the  steam 
may  be.  The  length  of  the  paddle  shaft  journal 
should  be  H  times  the  diameter;  and  the  diameter 
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of  the  part  where  the  crank  is  put  on  is  often  made 
equal  to  the  diameter  over  the  collars  of  the  journal 
or  bearing. 

364.  Q.  —  How  do  you  find  the  diameter  of  the 
crank  pin  ? 

A,  —  The  diameter  of  the  crank  pin  in  inches  may 
be  found  by  multiplying  0'028d6  times  the  square 
root  of  the  pressure  on  the  piston  in  lbs.  per  square 
inch,  by  the  diameter  of  the  cylinder  in  inches.  The 
length  of  the  pin  is  usually  about  fth  times  its 
diameter,  and  the  strain  if  all  thrown  upon  the  end  of 
the  pin  will  be  equal  to  the  elastic  force;  but  in 
ordinary  working,  the  strain  will  only  be  equal  to  ^rd 
of  the  elastic  force. 

365.  Q.  —  What  are  the  dimensions  of  the  cross 
head? 

A, — If  the  length  of  the  cross  head  be  taken  at  1*4 
times  the  diameter  of  the  cylinder,  the  dimensions  of 
the  cross  head  will  be  as  follows :  —  the  exterior  dia- 
meter of  the  eye  in  the  cross  head  for  the  reception  of 
the  piston  rod,  will  be  equal  to  the  diameter  of  the 
hole,  plus  0-02827  times  the  cube  root  of  the  pressure 
on  the  piston  in  lbs.  per  square  inch,  multiplied  by  the 
diameter  of  the  cylinder  in  inches ;  and  the  depth  of 
the  eye  will  be  0*0979  times  the  cube  root  of  the 
pressure  on  the  piston  in  lbs.  per  square  inch,  multi- 
plied by  the  diameter  of  the  cylinder  in  inches.  The 
diameter  of  each  cross  head  journal  will  be  0*01716 
times  the  square  root  of  the  pressure  on  the  piston  in 
lbs.  per  square  inch,  multiplied  by  the  diameter  of  the 
cylinder  in  inches— *  the  length  of  the  journal  bein^ 
f  tbs  its  diameter.  The  thickness  of  the  web  at  centre 
q3 
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will  be  0*0245  times  the  cube  root  of  the  pressure  on 
the  piston  in  lbs.  per  square  inch,  multiplied  by  the 
diameter  of  the  cylinder  in  inches ;  and  the  depth  of 
web  at  centre  will  be  0*09178  times  the  cube  root  of 
the  pressure  on  the  piston  in  lbs.  per  square  inch> 
multiplied  by  the  diameter  of  the  cylinder  in  inches. 
The  thickness  of  the  web  at  journal  will  be  0O122 
tiroes  the  square  root  of  the  pressure  on  the  piston  in 
lbs.  per  square  inch,  multiplied  by  the  diameter  of  the 
cylinder  in  inches ;  and  the  depth  of  the  web  at  journal 
will  be  0-0203  times  the  square  root  of  the  pressure 
upon  the  piston  in  lbs.  per  square  inch,  multiplied  by 
the  diameter  of  the  cylinder  in  inches.  In  these  rules 
for  the  cross  head,  the  strain  upon  the  web  is  ^.^g^ 
times  the  elastic  force  ;  the  strain  upon  the  journal  in 
ordinary  working  is  ^.^  times  the  elastic  force  ;  and 
if  the  outer  ends  of  the  journals  are  the  only  bearing 
points,  the  strain  is  T,t^  times  the  elastic  force, 
tvhich  is  very  little  in  excess  of  the  elastic  force. 

366.  Q.  —  How  do  you  find  the  diameter  of  the 
main  centre  when  proportioned  according  to  this 
rule? 

A,  —  The  diameter  of  the  main  centre  may  be  found 
by  multiplying  0*0367  times  the  square  root  of  the 
pressure  upon  the  piston  in  lbs.  per  square  inch,  bj 
the  diameter  of  the  cylinder  in  inches,  which  will  give 
the  diameter  of  the  main  centre  journal  in  inches 
when  of  malleable  iron,  and  the  length  of  the  main 
centre  journal  should  be  1^  times  its  diameter;  the 
strain  upon  the  main  centre  journal  in  ordinarj 
working  will  be  about  \  the  elastic  force. 
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867.  Q. — What  are  the  proper  dimensions  of  the 
gibs  and  cutters  of  an  engine? 

A, — The  depth  of  gibs  and  cutters  for  attaching 
the  piston  rod  to  the  cross  head,  is  0*0358  times  the 
cube  root  of  the  pressure  of  the  steam  on  the  piston 
in  lbs.  per  square  inch,  multiplied  bj  the  diameter  of 
the  cylinder;  and  the  thickness  of  the  gibs  and 
cutters  is  0*007  times  the  cube  root  of  the  pressure 
on  the  piston  in  lbs.  per  square  inch,  multiplied  by  the 
diameter  of  the  cylinder.  The  depth  of  the  cutter 
through  the  piston  is  0*017  times  the  square  root  of 
the  pressure  on  the  piston  in  lbs.  per  square  inch, 
multiplied  by  the  diameter  of  the  cylinder  in  inches ; 
and  the  thickness  of  the  cutter  through  the  piston  is 
0*007  times  the  square  root  of  the  pressure  on  the 
piston  in  lbs.  per  square  inch,  multiplied  by  the 
diameter  of  the  cylinder. 

368.  Q.  —  Are  not  some  of  the  parts  of  an  engine 
constructed  according  to  these  rules  too  weak,  when 
compared  with  the  other  parts  ? 

A^  —  It  is  obyious,  from  the  varying  proportions 
subsisting  in  the  different  parts  of  the  engine  between 
the  strain  and  the  elastic  force,  that  in  engines  pro- 
portioned by  these  rules  —  which  represent  neverthe- 
less the  average  practice  of  the  best  constructors — 
some  of  the  parts  must  possess  a  considerable  excess 
of  strength  over  other  parts,  and  it  appears  expedient 
that  this  disparity  should  be  diminished,  which  may 
best  be  done  by  increasing  the  strength  of  the  parts 
which  are  weakest ;  inasmuch  as  the  frequent  fracture 
of  some  of  the  parts  shows  that  the  dimensions  at 


230     PARTS  SHOULD  BE  LARGE  FOR  WEAR. 

present  adopted  for  those  parts  are  scarcely  sufficient 
unless  the  iron  of  which  thej  are  made  is  of  the  best 
qunlitj.  At  the  same  time  it  is  quite  certain,  that 
engines  proportioned  by  these  rules  will  work  satis- 
factorily where  good  materials  are  employed  ;  but  it 
is  important  to  know  in  what  parts  good  materials  and 
lorge  dimensions  are  the  most  indispensable.  In  many 
of  the  parts,  moreover,  it  is  necessary  that  the  dimen- 
sions should  be  proportioned  to  meet  the  wear  and 
the  tendency  to  heat,  instead  of  being  merely  propor- 
tioned to  obtain  the  necessary  strength ;  and  the  crank 
pin  is  one  of  the  parts  which  requires  to  be  large  in 
diameter,  and  as  long  as  possible  in  the  bearing,  so  as 
to  distribute  the  pressure,  and  prevent  the  disposition 
to  heat  which  would  otherwise  exist.  The  cross  head 
journals  also  should  be  long  and  large;  for  as  the  topi 
of  the  side  rods  have  little  travel,  the  oil  is  less  drawn 
into  the  bearings  than  if  the  travel  was  greater,  aii<k 
is  being  constantly  pressed  out  by  the  punching 
strain.  This  strain  should  therefore  be  reduced  as 
far  as  possible  by  its  distribution  over  a  large  surface. 
In  the  rules  which  are  contained  in  the  answers  to 
the  ten  preceding  questions  (358  to  367)  the  pressure 
on  the  piston  in  lbs.  per  square  inch  is  taken  as  the 
sum  of  the  pressure  of  steam  in  the  boiler  and  of  the 
vacuum  ;  the  latter  being  assumed  to  be  15  lbs.  per 
square  inch. 
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COKSTBUCTIVE  DETAILS  OF  BOILEBS. 


LAND  AND  ICABIKS  BOILEBS. 

269,  Q. — Will  you  explain  the  coarse  of  procedure  in 
the  construction  and  setting  of  waggon  boilers  ? 

A.  —  Most  boilers  are  made  of  plates  three-eighths 
of  an  inch  thick,  and  the  rivets  are  from  three-eighths 
to  three-fourths  of  an  inch  in  diameter.  In  the  bottom 
and  sides  of  a  waggon  boiler  the  heads  of  the  rivets,  or 
the  ends  formed  on  the  rivets  before  thej  are  inserted, 
should  be  large  and  placed  next  the  fire,  or  on  the  out- 
side; whereas  on  the  top  of  the  boiler  the  heads  should 
be  on  the  inside.  The  rivets  should  be  placed  about 
two  inches  distant  from  centre  to  centre,  and  the  centre 
of  the  row  of  rivets  should  be  about  one  inch  from  the 
edge  of  the  plate.  The  edges  of  the  plates  should  be 
truly  cut,  both  inside  and  outside,  and  after  the  parts 
of  the  boiler  have  been  riveted  together,  the  edges  of 
the  plates  should  be  set  up  or  caulked  with  a  blunt 
chisel  about  a  quarter  of  an  inch  thick  in  the  point, 
and  struck  by  a  hammer  of  about  three  or  four  pounds 
weight,  one  man  holding  the  caulking  tool  while 
another  strikes. 
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370.  Q.  —  Is  this  the  usual  mode  of  caulking  ? 

A, —  No,  it  is  not  the  usual  mode;  but  it  is  the  best 
mode,  and  is  the  mode  adopted  hj  Mr.  Watt.  The 
usual  mode  now  is  for  one  man  to  caulk  the  seams 
with  a  hammer  in  one  hand  and  a  caulking  chisel  in 
the  other,  and  in  some  of  the  difficult  corners  of  marine 
flue  boilers  it  is  not  easy  for  two  men  to  get  in.  A 
good  deal  of  the  caulking  has  also  sometimes  to  be 
done  with  the  left  hand. 

371.  Q.  —  Should  the  boiler  be  proved  after 
caulking  ? 

A, — The  boiler  should  be  filled  with  water  and 
caulked  afresh  in  any  leaky  part  when  emptied  again. 
All  the  joints  should  be  painted  with  a  solution 
of  sal  ammoniac  in  urine,  and  so  soon  as  the  seams 
are  well  rusted  they  should  be  dried  with  a  gentle 
fire,  and  then  be  painted  oyer  with  a  thin  putty 
formed  of  whiting  and  linseed  oil,  the  heat  being  con- 
tinued until  the  putty  becomes  so  hard  that  it  cannot 
be  readily  scratched  with  the  nail,  and  care  must  be 
taken  neither  to  burn  the  putty  nor  to  discontinue  the 
lire  until  it  has  become  quite  dry. 

372.  Q.  —  How  should  the  brickwork  setting  of  a 
waggon  boiler  be  built  ? 

A.  — In  building  the  brickwork  for  the  setting  of 
the  boiler,  the  parts  upon  which  the  heat  acts  with 
most  intensity  is  to  be  built  with  clay  instead  of 
mortar,  but  mortar  is  to  be  used  on  the  outside  of  the 
work.  Old  bars  of  fiat  iron  may  be  laid  under  the 
boiler  chime  to  prevent  that  part  of  the  boiler  from 
being  burned  out,  and  bars  of  iron  should  also  run- 
through  the  brickwork  to  prevent  it  from  splitting. 
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The  top  of  the  boiler  is  to  be  covered  with  brickwork 
laid  in  the  best  lime,  and  if  the  lime  be  not  of  the 
hydraulic  kind  it  should  be  mixed  with  Dutch  terrasH 
to  make  it  impenetrable  to  water.  The  top  of  the 
boiler  should  be  well  plastered  with  this  lime,  which 
will,  greatly  conduce  to  the  tightness  of  the  seams. 
Openings  into  the  flues  must  be  left  in  ocmvenient 
situations  to  enable  the  flues  to  be  swept  out  when 
required,  and  these  openings  may  be  closed  with  cast 
iron  doors  jointed  with  clay  or  mortar,  which  may  be 
easily  remoyed  when  required.  Adjacent  to  the  chim- 
ney a  slit  must  be  left  in  the  top  of  the  flue  with  a 
groove  in  the  brickwork  to  enable  the  sliding  door 
or  damper  to  be  fixed  in  that  situation,  which  by 
being  lowered  into  the  flue  will  obstruct  the  passage 
of  the  smoke  and  moderate  the  draught,  whereby  the 
chimney  will  be  prevented  from  drawing  the  flame 
into  it  before  the  heat  has  acted  sufficiently  upon  the 
boiler. 

373.  Q.  —  Are  marine  constructed  in  the  same  way 
as  land  boilers  ? 

A.  —  There  is  very  little  difference  in  the  two 
cases  :  the  whole  of  the  shells  of  marine  boilers^  how- 
ever, should  be  double  riveted  with  rivets  \^ths  of  an 
inch  in  diameter,  and  2fth  inches  from  centre  to 
centre,  the  weakening  effect  of  double  riveting  being 
much  less  than  that  of  single  riveting.  The  furnaces 
above  the  line  of  bars  should  be  of  the  best  Lowmoor, 
Bowling,  or  Staffordshire  scrap  plates,  and  the  portion 
of  each  furnace  above  the  bars  should  consist  only  of 
three  plates,  one  for  the  top  and  one  for  each  side,  the 
lower  seam  of  the  side  plates  being  situated  beneath 
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the  level  of  the  hars,  so  as  not  to  he  exposed  to  the 
heat  of  the  furnace.  The  tuhe  plates  of  tnhnlar 
boilers  should  be  of  the  best  Lowmoor,  or  Bowling 
iron,  seven-eighths  to  one  inch  thick :  the  shells 
should  be  of  the  best  Staffordshire^  or  Thornycroft  S 
crown  iron,  -/^ths  of  an  inch  thick. 

374.  Q.  —  Of  what  kind  of  iron  should  the  angle 
iron  or  comer  iron  be  composed  ? 

A.  —  Angle  iron  should  not  be  used  in  the  con- 
struction of  boilers,  as  in  the  manufacture  it  becomes 
reedy,  and  is  apt  to  split  up  in  the  direction  of  its 
length:  it  is  much  the  safer  practice  to  bend  the 
plates  at  the  corners  of  the  boiler  ;  but  this  must  be 
carefully  done  without  introducing  any  more  sharp 
bends  than  can  be  avoided,  and  plates  which  require 
to  be  bent  much  should  be  of  Lowmoor  iron.  It  will 
usually  be  found  expedient  to  introduce  a  ring  of 
angle  iron  around  the  furnace  mouths,  though  it  is 
discarded  in  the  other  parts  of  the  boiler;  but  it 
should  be  used  as  sparingly  as  possible,  and  any  that 
is  used  should  be  of  the  best  quality. 

375.  Q.  —  Is  it  not  important  to  have  the  holes  in 
the  plates  opposite  to  one  another  ? 

^.  — The  whole  of  the  plates  of  a  boiler  should 
have  the  holes  for  the  rivets  punched,  and  the  edges 
cut  straight,  by  means  of  self-acting  machinery,  in 
which  a  travelling  table  carries  forward  the  plate  with 
an  equal  progression  every  stroke  of  the  punch'  or 
shears ;  and  machinery  of  this  kind  is  now  extensively 
employed.  The  practice  of  forcing  the  parts  of  boilers 
together  with  violence,  by  means  of  screw-jacks,  and 
drifts  through  the  holes,  should  not  be  permitted  ;  as 


BOW  TO  SET  BOILERS  IN   WOODEN  SmPS.       285 

a  great  strain  may  thus  be  throwa  upon  the  rivetSi 
even  when  there  is  no  steam  in  the  boiler.  All  rivets 
should  be  of  the  best  Lowmoor  iron.  The  work  should 
be  caulked  both  within  and  without  wherever  it  is 
accessible,  but  in  the  more  confined  situations  within 
the  fiues  the  caulking  will  in  manj  cases  have  to  be 
done  with  the  hand  or  chipping  hammer  instead  of 
the  heavy  hammer  previously  prescribed. 

376.  Q. — How  is  the  setting  of  marine  boilers 
with  internal  furnaces  effected  ? 

A*  —  In  the  setting  of  marine  boilers  care  must  be 
taken  that  no  copper  bolts  or  nails  project  above  the 
wooden  platform  upon  which  they  rest,  and  also  that 
no  projecting  copper  bolts  in  the  sides  of  the  ship 
touch  the  boiler,  as  the  galvanic  action  in  such  a  case 
would  probably  soon  wear  the  points  of  contact  into 
boles.  The  platform  may  consist  of  three  inch  plank- 
ing laid  across  the  keelsons  nailed  with  iron  nails,  the 
heads  of  which  are  well  punched  down,  and  caulked 
and  puttied  like  a  deck.  The  surface  may  then  be 
painted  over  with  thin  putty,  and  fore  and  aft  boards 
of  half  the  thickness  may  then  be  laid  down  and 
nailed  securely  with  iron  nails,  having  the  heads  well 
punched  down.  This  platform  must  then  be  covered 
thinly  and  evenly  with  mastic  cement  and  the  boiler 
be  set  down  upon  it,  and  the  cement  must  be  caulked 
beneath  the  boiler  by  means  of  wooden  caulking  tools, 
so  as  completely  to  fill  every  vacuity.  Coomings  of 
wood  sloped  on  the  top  must  next  be  set  round  the 
boiler,  and  the  space  between  the  coomings  and  the 
boiler  must  be  caulked  full  of  cement,  and  be  smoothed 
off  on  the  top  to  the  slope  of  the  coomings,  so  as  to 
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throw  ofP  any  water  that  might  be  disposed  to  enter 
between  the  coomings  and  the  boiler. 

877.  Q.  —  How  is  the  cement  used  for  setting 
marine  boilers  compounded  ? 

A, — Mastic  cement  proper  for  the  settiikg  of  boilers 
13  sold  in  many  places  ready  made.  Hamelin*8  mastic 
is  compounded  as  follows :  —  to  any  given  weight  of 
sand  or  pulverised  earthenware  add  two-thirds  such 
given  weight  of  powdered  Bath,  Portland^  or  other 
similar  stone,  and  to  every  560  lbs.  weight  of  the  mix- 
ture add  40  lbs.  weight  of  lithai^e,  2  lbs.  of  powdered 
glass  or  flint,  1  lb.  of  minium,  and  2  lbs.  of  gray  oxide 
of  lead ;  pass  the  mixture  through  a  sieve,  and  keep 
it  in  a  powder  for  use.  When  wanted  for  use,  a  suf- 
ficient quantity  of  the  powder  is  mixed  with  some 
vegetable  oil  upon  a  board  or  in-  a  trough  in  the 
manner  of  mortar,  in  the  proportion  of  605  lbs.  of  the 
powder  to  5  gallons  of  linseed,  walnut,  or  pink  oil, 
and  the  mixture  is  stirred  and  trodden  upon  until  it 
assumes  the  appearance  of  moistened  sand,  when  it  is 
ready  for  use.  The  cement  should  be  used  on  the 
same  day  as  the  oil  is  added,  else  it  will  set  into  i 
solid  mass. 

878.  Q.  —What  is  the  best  length  of  the  furnaces 
of  marine  boilers  ? 

A,  —  It  has  already  been  stated  that  furnace  bars 
should  not  much  exceed  six  feet  in  length,  as  it  is  dif- 
ficult to  manage  long  furnaces ;  but  it  is  a  frequent 
])ractice  to  make  the  furnaces  long  and  narrow,  the 
consequence  of  which  is,  that  it  is  impossible  to  fire 
them  effectually  at  the  after  end,  especially  upon  long 
voyages  and  in  stormy  weather,  and  air  escapes  into 
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the  flaes  at  the  after  end  of  the  ban,  whereby  the 
efficacy  of  the  boiler  is  diminiahed.  Whore  the  bars 
are  very  long  it  will  generally  be  found  that  an  in- 
creased supply  of  steam  and  a  diminished  consumption 
of  coal  will  be  the  consequence  of  shortening  them, 
and  the  bars  should  always  lie  with  a  considerable  in- 
clination to  facilitate  the  distribution  of  the  fuel  over 
the  after  part  of  the  furnace.  When  there  are  two 
lengths  of  bars  in  the  furnace,  it  is  expedient  to  moke 
the  central  cross  bar  for  bearing  up  the  ends  double, 
and  to  leave  a  space  between  the  ends  of  the  bars  so 
that  the  ashes  may  fall  through  between  them.  The 
space  thus  left  enables  the  bars  to  expand  without 
injury  on  the  application  of  heat,  whereas  without 
some  such  provision  the  ban  are  very  liable  to  get 
burned  out  by  bending  up  in  the  centre,  or  at  the 
ends,  as  they  must  do  if  the  elongation  of  the  ban  on 
the  application  of  heat  be  prevented ;  and  this  must 
be  the  effect  of  permitting  the  spaces  at  the  ends  of 
the  bars  to  be  filled  up  with  ashes.  At  each  end  of 
each  bed  of  bars  it  is  expedient  to  leave  a  space  which 
the  ashes  cannot  fill  ap  so  as  to  cause  the  bars  to  jam ; 
and  care  must  be  taken  that  the  heels  of  the  ban  do 
not  come  against  any  of  the  furnace  bearers,  whereby 
the  room  left  at  the  end  of  the  ban  to  permit  the 
expansion  would  be  rendered  of  no  avail. 

379.  Q. — Have  yon  any  remarks  to  ofibr  respecting 
the  construction  and  arrangement  of  the  furnace 
bridges  and  dampen  of  marine  boilers  ? 

A.  —  The  furnace  bridges  of  marine  boilen  are 
walls  or  partitions  built  up  at  the  ends  of  the  furnaces 
to  narrow  the  opening  for  the  escape  of  heat  into  the 
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flues.  Thej  are  either  made  of  fire  brick  or  of  plate 
iron  containing  water :  in  the  case  of  water  bridges* 
the  top  part  of  the  bridge  should  be  made  with  a  large 
amount  of  slant  so  as  to  enable  the  steam  to  escape 
freely,  but  notwithstanding  this  precaution  the  plates 
of  water  bridges  are  apt  to  crack  at  the  bend,  so  that 
fire  brick  bridges  appear  on  the  whole  to  be  preferable. 
In  shallow  furnaces  the  bridges  often  come  too  near 
the  furnace  top  to  enable  a  man  to  pass  over  them  ; 
and  it  will  save  expense  if  in  such  bridges  the  upper 
portion  is  constructed  of  two  or  three  fire  blocks, 
which  may  be  lifted  off  where  a  person  requires  to 
enter  the  fiues  to  sweep  or  repair  them,  whereby  the 
perpetual  demolition  and  reconstruction  of  the  upper 
part  of  the  bridge  will  be  prevented. 

380.  Q.—  What  is  the  benefit  of  bridges  ? 

A. — Bridges  are  found  in  practice  to  have  a  very 
sensible  operation  in  increasing  the  production  of 
steam,  and  in  some  boilers  in  which  the  brick  bridges 
have  been  accidentally  knocked  down  by  the  firemen, 
a  very  considerable  diminution  in  the  supply  of  steam 
has  been  experienced.  Their  chief  operation  seems  to 
lie  in  concentrating  the  heat  within  the  furnace  to  a 
higher  temperature,  whereby  the  heat  is  more  rapidly 
transmitted  from  the  furnace  to  the  water,  and  less 
heat  has  consequently  to  be  absorbed  by  the  flues.  In 
this  way  the  bridges  render  the  heating  surface  of  a 
boiler  more  effective,  or  enable  a  smaller  amount  of 
heating  surface  to  suffice. 

381.  Q. —  Are  the  bridges  behind  the  furnaces  the 
only  bridges  used  in  steam  boilers  ? 

A.  —  It  is  not  an  uncommon  practice  to  place  a 
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bEDging  bridge,  consisting  of  a  plate  of  iron  descending 
a  certain  distance  into  the  flue,  at  that  part  of  the  flue 
where  it  enters  the  chimney,  whereby  the  stratum  of 
hot  air  which  occupies  the  highest  part  of  the  flue  is 
kept  in  protracted  contact  with  the  boiler,  and  the 
cooler  air  occupying  the  lower  part  of  the  flue  is  that 
which  alone  escapes.  The  practice  of  introducing  a 
hanging  bridge  is  a  beneficial  one  in  the  case  of  some 
boilers,  but  is  not  applicable  universally,  as  boilers 
with  a  small  calorimeter  cannot  be  further  contracted 
in  the  flue  without  a  diminution  in  their  evaporating 
power.  In  tubular  boilers  a  hanging  bridge  is  not 
applicable,  but  in  some  cases  a  perforated  plate  is 
placed  against  the  ends  of  the  tubes,  which  by  suitable 
connections  is  made  to  operate  as  a  sliding  damper 
which  partially  or  totally  closes  up  the  end  of  every 
tube,  and  at  other  times  a  damper  constructed  in  the 
manner  of  a  Venetian  blind  is  employed  in  the  same 
situation*  These  varieties  of  damper,  however,  have 
only  yet  been  used  in  locomotive  boilers,  though  ap- 
plicable to  tubular  boilers  of  every  description. 

382.  Q. —  Is  it  a  benefit  to  keep  the  flues  or  tubes 
appertaining  to  each  furnace  distinct  ? 

A, — In  a  flue  boiler  this  cannot  be  done,  but  in  a 
tubular  boiler  it  is  an  advantage  that  there  should  be 
a  division  between  the  tubes  pertaining  to  each  fur- 
nace, so  that  the  smoke  of  each  furnace  may  be  kept 
apart  from  the  smoke  of  the  furnace  adjoining  it  until 
the  smoke  of  both  enters  the  chimney,  as  by  this  ar- 
rangement a  furnace  only  will  be  rendered  inoperative 
in  cleaning  the  fires  instead  of  a  boiler,  and  the  tubes 
belonging  to  one  furnace  may  be  swept  if  necessary  at 


240      HOW  TU  rHEVENT   FUENACK8  FKOIC  BUBNINa. 

sea  without  interfering  injuriously  with  the  action  of 
the  rest  In  a  steam  yessel  it  is  necessary  at  intervals 
to  empty  out  one  or  more  furnaces  every  watch  to  get 
rid  of  the  clinkers  which  would  otherwise  accumulate 
m  them ;  and  it  is  advisable  that  the  connection  be- 
tween the  furnaces  should  be  such  that  this  operation, 
when  being  performed  on  one  furnace,  shall  injure  the 
action  of  the  rest  as  little  as  possible. 

383.  Q.  —  Can  any  constructive  precautions  be 
taken  to  prevent  the  furnaces  and  tube  plates  of  the 
boiler  from  being  burned  by  the  intensity  of  the 
heat? 

A.  — The  sides  of  the  internal  furnaces  or  flues  in 
all  boilers  should  be  so  constructed  that  the  steam 
may  readily  escape  from  their  surfaces,  with  whicli 
view  it  is  expedient  to  make  the  bottom  of  the  flue 
somewhat  wider  than  the  top,  or  slightly  conical  in 
the  cross  section  ;  and  the  upper  plates  should  always 
be  overlapped  by  the  plates  beneath,  so  that  the  steam 
cannot  be  retained  in  the  overlap^  but  will  escape  as 
soon  as  it  is  generated.  If  the  sides  of  the  furnace  be 
made  high  and  perfectly  vertical,  they  will  speedily  be 
buckled  and  cracked  by  the  heat,  as  a  film  of  steam  in 
such  a  case  will  remain  in  contact  with  the  iron  which 
will  prevent  the  access  of  the  water,  and  the  iron  of 
the  boiler  will  be  injured  by  the  high  temperature  it 
must  in  that  case  acquire.  To  moderate  the  intensitj" 
of  the  heat  acting  upon  the  furnace  sides,  it  is  expe- 
dient to  bring  the  outside  fire  bars  into  close  contact 
with  the  sides  of  the  furnace,  so  as  to  prevent  the 
entrance  of  air  through  the  fire  in  that  situation,  by 
whick  the  intensity  of  the  heat  would  be  increased. 
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The  tube  plate  nearest  the  farnace  in  tubular  boilers 
should  also  be  so  inclined  as  to  facilitate  the  escape  of 
the  steam ;  and  the  short  bent  plate  or  flange  of  the 
tube  plate,  connecting  the  tube  plate  with  the  top  of 
the  furnace,  should  be  made  with  a  gradual  bend,  as,  if 
the  bend  be  sudden,  the  iron  will  be  apt  to  crack  or 
bnm  away  from  the  concretion  of  salt  Where  the 
furnace  mouths  are  contracted  by  bending  in  the  sides 
and  top  of  the  furnace,  as  is  the  general  practice,  the 
bends  should  be  gradual,  as  salt  is  apt  to  accumulate 
in  the  pockets  made  by  a  sudden  bend,  and  the  plates 
will  then  bum  into  holes. 

884.  Q. — In  what  manner  is  the  tubing  of  boilers 
performed  ? 

A. —  The  tubes  of  marine  boilers  are  generally  iron 
tubes,  three  inches  in  diameter,  and  between  six  and 
seven  feet  long ;  but  sometimes  brass  tubes  of  similar 
dimensions  are  employed  When  brass  tubes  are  em- 
ployed the  use  of  ferules  driven  into  the  ends  of  the 
tubes  is  sometimes  employed  to  keep  them  tight ;  but 
when  the  tubes  are  of  malleable  iron,  of  the  thickness 
of  Russell's  boiler  tubes,  they  may  be  made  tight 
merely  by  driving  them  firmly  into  the  tube  plates, 
and  the  same  may  be  done  with  thick  brass  tubes. 
The  holes  in  the  tube  plate  next  the  front  of  the  boiler 
are  just  sensiUy  larger  in  diameter  than  the  holes  in 
the  other  tube  plate,  and  the  holes  upon  the  outer  sur- 
faces of  both  tube  plates  are  very  slightly  countersunk. 
The  whole  of  the  tubes  are  driven  through  both 
tube  plates  from  the  front  of  the  boiler, — the  precau- 
tion,  however,  being  taken  to  drive  them  in  gently  at 
first  with  a  light  hand  hammer,  until  the  whole  of  thr^ 
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tubes  haye  been  inserted  to  an  equal  depth,  and  then 
thej  may  be  driven  up  by  degrees  with  a  heavy  ham- 
mer, whereby  any  distortion  of  the  holes  from  unequal 
driving  will  be  prevented.  Finally,  the  ends  of  the 
tubes  should  be  riveted  up  so  as  to  fill  the  counter- 
sink ;  the  tubes  should  be  left  a  little  longer  than  the 
distance  between  the  outer  surfaces  of  the  tube  plates, 
so  that  the  countersink  at  the  ends  may  be  filled  by 
staving  up  the  end  of  the  tube  rather  than  by  riveting 
it  over ;  and  the  staving  will  be  best  accomplished  by 
means  of  a  mandril  with  a  collar  upon  it,  which  is 
driven  into  the  tube  so  that  the  collar  rests  upon  the 
end  of  the  tube  to  be  riveted ;  or  a  tool  like  a  blunt 
chisel  with  a  recess  in  its  point  may  be  used,  as  is 
the  more  usual  practice. 

385.   Q.  —  Should  not  stays  be  introduced  in  sub* 
stitution  of  some  of  the  tubes  ? 

A,  —  It  appears  expedient  in  all  cases  that  some  of 
the  tubts  should  be  screwed  at  the  ends,  so  as  to  serve 
as  stays  if  the  riveting  at  the  tube  ends  happens  to  be 
burned  away,  and  also  to  act  as  abutments  to  the 
riveted  tube — or  else  to  introduce  very  strong  rods  of 
about  the  same  diameter  as  a  tube,  in  substitution  of 
some  of  the  tubes  ;  and  these  stays  should  have  nuts 
at  each  end  both  within  and  without  the  tube  plates, 
which  nuts  should  be  screwed  up,  with  white  lead  in- 
terposed, before  the  tubes  are  inserted.  If  the  tubes 
are  long,  their  expansion  when  the  boiler  is  being 
blown  off  will  be  apt  to  start  them  at  the  ends,  unless 
very  securely  fixed ;  and  it  is  difficult  to  prevent  brass 
tubes  of  large  diameter  and  proportionate  length  from 
being  started  at  the  ends,  even  when  secured  by 
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ferules ;  but  the  brass  tubes  commonly  employed  are 
so  small  as  to  be  susceptible  of  sufficient  compression 
endways  by  the  adhesion  due  to  the  ferules  to  com- 
pensate for  the  expansion,  whereby  they  are  prevented 
fi-om  starting  at  the  ends*  In  some  of  the  early 
marine  boilers  fitted  with  brass  tubes,  a  galvanic 
action  at  the  ends  of  the  tubes  was  found  to  take 
place,  and  the  iron  of  the  tube  plates  was  wasted 
away  in  consequence,  with  rapidity  ;  but  further  ex- 
perience proved  the  injury  to  be  attributable  chiefly 
to  imperfect  fitting,  whereby  a  leakage  was  caused 
that  induced  oxidation,  and  when  the  tubes  were 
weU  fitted  any  injurious  action  at  the  ends  of  the 
tubes  was  found  to  cease. 

386.  Q. —  What  is  the  best  mode  of  constructing 
the  chimney  and  the  parts  in  connection  therewith  ? 

A.  —  In  sea-going  steamers  the  funnel  plates  are 
usually  about  nine  feet  long  and  -r^ths  thick  ;  and 
where  different  flues  or  boilers  have  their  debouch 
in  the  same  chimney,  it  is  expedient  to  run  division 
plates  up  the  chimney  for  a  considerable  distance,  to 
keep  the  draughts  distinct.  The  dampers  should  not 
be  in  the  chimney  but  at  the  end  of  the  boiler  flue,  so 
that  they  may  be  available  for  use  if  the  funnel  by 
accident  be  carried  away.  The  waste  steam  pipe 
should  be  of  the  same  height  as  the  funnel  so  as  to 
carry  the  waste  steam  clear  of  it,  for  if  the  waste 
steam  strikes  the  funnel  it  will  wear  the  iron  into 
holes ;  and  the  waste  steam  pipe  should  be  made  at  the 
bottom  with  a  faucett  joint,  to  prevent  the  working  of 
the  funnel,  when  the  vessel  rolls,  from  breaking  the 
pipe  at  the  neck.  There  should  be  two  hoops  round 
ft  2 
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the  funnel,  for  the  attachment  of  the  fannel  shrouds, 
instead  of  one,  so  that  the  funnel  maj  not  be  carried 
overboard  if  one  hoop  breaks,  or  if  the  funnel  breaks 
at  the  upper  hoop  from  the  corrosive  action  of  the 
waste  steam,  as  sometimes  happens.  The  deck  over 
the  steam  chest  should  be  formed  of  an  iron  plate 
supported  by  angle  iron  beams,  and  there  should  be  a 
high  angle  iron  cooming  round  the  hole  in  the  deck 
through  which  the  chimney  ascends,  to  prevent  any 
water  upon  the  deck  from  leaking  down  upon  the 
boiler.  Around  the  lower  part  of  the  funnel  there 
should  be  a  sheet  iron  casing  to  prevent  any  incon- 
venient dispersion  of  heat  in  that  situation,  and 
another  short  piece  of  casing,  of  a  somewhat  larger 
diameter  and  riveted  to  the  chimney,  should  descend 
over  the  first  casing,  so  as  to  prevent  the  rain  or 
spray  which  may  beat  against  the  chimney  from  being 
poured  down  within  the  casing  upon  the  top  of  the 
boiler.  The  pipe  for  conducting  away  the  waste 
water  from  the  top  of  the  safety  valve  should  lead 
overboard,  and  not  into  the  bilge  of  the  ship,  as  in- 
convenience arbes  from  the  steam  occasionally  passing 
through  it,  if  it  has  its  termination  in  the  engine 
room. 

387.  Q. —  Are  not  the  chimnies  of  some  vessels 
made  so  that  they  may  be  lowered  when  required  ? 

A. — The  chimnies  of  small  river  vessels  which 
have  to  pass  under  bridges  are  generally  formed  with 
a  hinge  so  that  they  may  be  lowered  backwards  when 
passing  under  a  bridge,  and  the  chimnies  of  some 
screw  vessels  are  made  so  as  to  shut  up  like  a  spy- 
glass when  the  fires  are  put  out  and  the  vessel  is 
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navigated  under  sails.    A  very  good  example  of  this 
species  of  chimnej  is  that  designed  hj  Mr.  Taplin 
and  represented  in  Jig.  34.    In  smaller  vessels,  how- 
j,^  ^  ever,  two  lengths  of  chim- 

nej  suffice;  and  in  that 
case  there  is  a  standing 
piece  on  deck,  which,  how- 
ever, does  not  project  a- 
bove  the  bulwarks. 

388.  Q.— Willjouex- 
plain  any  further  details 
in  the  construction  of  ma- 
rine boilers  which  occur 
to  you  as  important  ? 

A, — The  man-hole  and 
mud-hole  doors,  unless  put 
on  from  the  outside  like  a 
cylinder  cover  with  a  great 
number  of  bolts,  should  be 
put  on  from  the  inside 
with  cross  bars  on  the  out- 
side, and  the  bolts  should 
be  strong,  and  have  coarse  tlireads  and  square  nuts  so 
that  the  threads  may  not  be  overrun,  nor  the  nuts 
become  round,  by  the  unskilful  manipulations  of  the 
firemen,  by  whom  these  doors  are  removed  or  re- 
placed. It  is  very  expedient  that  sufficient  space 
should  be  left  between  the  furnace  and  the  tubes  in 
all  tubular  boilers  to  permit  a  boy  to  go  in  to  clear 
away  any  scale  that  may  have  formed,  and  to  hold  on 
the  rivets  in  the  event  of  repair  being  wanted ;  and  it 
is  also  expedient  that  a  vertical  row  of  tubes  should 
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be  left  out  opposite  to  each  water  space  to  allow  the 
ascent  of  the  steam  and  the  descent  of  the  water,  as  it 
has  been  found  that  the  removal  of  the  tubes  in  that 
position,  even  in  a  boiler  with  deficient  heating  sur- 
face, has  increased  the  production  of  steam,  and  dimi 
nished  the  consumption  of  fueL  The  tubes  should  all 
be  kept  in  the  same  vertical  line,  so  as  to  permit  the 
introduction  of  an  instrument  to  scrape  them;  but 
thej  may  be  zig-zagged  in  the  horizontal  line,  whereby 
a  greater  strength  of  metal  will  be  obtained  around 
the  holes  in  the  tube  plates,  and  the  tubes  should  not 
be  placed  too  close  together,  else  their  heating  efficacy 
will  be  impaired. 

INCRUSTATION  AND  CORROSION  OF  BOILSRS. 

389.  Q.  —  What  is  the  cause  of  the  formation  of 
scale  in  marine  boilers  ? 

A.  —  Scale  is  formed  in  all  boilers  which  contain 
earthy  or  saline  matters,  just  in  tlie  way  in  which  a 
scaly  deposit,  or  rock  as  it  is  sometimes  termed,  is 
formed  in  a  tea  kettle.  In  sea  water  the  chief  in- 
gredient is  common  salt,  which  exists  in  solution : 
the  water  admitted  to  the  boiler  is  taken  away  in  the 
shape  of  steam,  and  the  saline  matter  which  is  not 
vapourisable  accumulates  in  process  of  time  in  the 
boiler,  until  its  amount  is  so  great  that  the  water  is 
saturated,  or  unable  to  hold  any  more  in  solution  ;  the 
salt  id  then  precipitated  and  forms  a  deposit  which 
hardens  by  heat.  The  formation  of  scale,  therefore,  is 
similar  to  the  process  of  making  salt  from  sea  water  by 
evaporation,  the  boiler  being,  in  fact,  a  large  salt  pan* 
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390.  Q. — But  is  the  scale  soluble  in  fresh  water 
like  the  salt  in  a  salt  pan  ? 

A. —  I^Oy  it  is  not ;  or  if  soluble  at  all,  is  only  so  to 
a  very  limited  extent.  The  several  ingredients  in 
sen  water  begin  to  be  precipitated  from  solution  at 
different  degrees  of  concentration ;  and  the  sulphate 
and  carbonate  of  lime,  which  begin  to  be  precipitated 
when  a  certain  state  of  concentration  is  reached, 
enter  largely  into  the  composition  of  scale,  and  give 
it  its  insoluble  character.  Pieces  of  waste  or  other 
similar  objects  left  within  a  marine  boiler  appear, 
when  taken  out,  as  if  they  had  been  petrified ;  and  the 
scale  deposited  upon  the  flues  of  a  marine  boiler 
resembles  layers  of  stone. 

391.  Q.  —  Is  much  inconvenience  experienced  in 
marine  boilers  from  these  incrustations  upon  the 
Hues? 

A.  —  Incrustation  in  boilers  at  one  time  caused 
much  more  perplexity  than  it  does  at  present,  as  it 
was  supposed  that  in  some  seas  it  was  impossible  to 
prevent  the  boilers  of  a  steamer  from  becoming  salted 
up;  but  it  has  now  been  satisfactorily  ascertained 
that  there  is  very  little  difference  in  the  saltness  of 
different  seas,  and  that  however  salt  the  water  may 
be,  the  boiler  will  be  preserved  from  any  injurious 
amount  of  incrustation  by  blowing  off,  as  it  is  called, 
very  frequently,  or  by  permitting  a  considerable 
portion  of  the  supersalted  water  to  escape  at  short 
intervals  into  the  sea.  If  blowing  off  be  sufficiently 
practised,  the  scale  upon  the  flues  will  never  be  muoli 
thicker  than  a  sheet  of  writing  paper,  and  no  excuse 
should  be  accepted  from  engineers  for  permitting  a 
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boiler  to  be  damaged  bj  the  accumulation  of  cal* 
careous  deposit. 

892.  Q.— -What  is  the  temperature  at  which  sea 
water  boils  in  a  steam  boiler  ? 

A,  —  Sea  water  contains  about  ^rd  its  weight  of 
salt,  and  in  the  open  air  it  boik  at  the  temperature  of 
213-2^;  if  the  proportion  of  salt  be  increased  to  ^rds 
of  the  weight  of  the  water,  the  boiling  point  will  rise 
to  214-4°;  with  ^^rds  of  salt  the  boiling  point  will  be 
215-5«;  yV<l8»216-7^  A^d*,  2179^  A^ds,  21^; 
/yrds,  220-2<>;  ^v^,  221-4*';  JJ^rds,  222-5*» ;  ifrda, 
223-7'';  ^rds,  224*9'';  and  ^rds,  which  is  the  point 
of  saturation,  226°.  In  a  steam  boiler  the  boiling 
points  of  water  containing  these  proportions  of  salt 
must  be  higher,  as  the  elevation  of  temperature  due 
to  the  pressure  of  the  steam  has  to  be  added  to  that 
due  to  the  saltness  of  the  water :  the  temperature  of 
steam  at  the  atmospheric  pressure  being  212°,  its 
temperature,  at  a  pressure  of  15  lbs.  per  square  inch 
above  the  atmosphere^  will  be  250°,  and  adding  to 
this  4*7°  as  the  increased  temperature  due  to  the 
saltness  of  the  water  when  it  contains  ^rds  of  salt, 
we  have  254*7°  as  the  temperature  of  the  water  in  the 
boiler,  when  it  contains  ^rds  of  salt  and  the  pressure 
of  the  steam  is  15  lbs.  on  the  square  inch. 

393.  Q.  —  What  degree  of  concentration  of  the 
salt  water  maj  be  safelj  permitted  in  a  boiler  ? 

A> — It  is  found  bj  experience  that  when  the  con« 
centration  of  the  salt  water  in  a  boiler  is  prevented 
from  exceeding  that  point  at  which  it  contains  ^rds 
its  weight  of  salt,  no  injurious  incrustation  will  take 
place,  and  as  sea  water  contains  onlj  ^rd  of  its 
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weight  of  salt,  it  is  clear  that  it  must  be  reduoed  by 
eyaporation  to  one-half  of  its  bulk  before  it  can  con- 
tain ^rds  of  salt ;  or,  in  other  words,  a  boiler  must 
blow  oot  into  the  sea  one-half  of  the  water  it  receives 
as  feed,  in  order  to  prevent  the  water  from  rising 
aboYe  ^rds  of  concentration,  or  8  ounces  of  salt  to 
the  gallon. 

394.  Q.  —  How  do  you  determine  8  ounces  to  the 
gallon  to  be  equivalent  to  twice  the  density  of  salt 
water,  or  **two  salt  waters"  as  it  is  sometimes 
called? 

A.  —  The  density  of  the  water  of  different  seas 
varies  somewhat.  A  gallon  of  fresh  water  weighs 
10  lbs. ;  a  gallon  of  salt  water  from  the  Baltic  weighs 
10*15  lbs. ;  a  gallon  of  salt  water  from  the  Irish 
Channel  weighs  10*28  lbs. ;  and  a  gallon  of  salt  water 
from  the  Mediterranean  10*29  lbs.  If  we  take  an 
average  saltness  represented  by  a  weight  of  10*25  lbs., 
then  a  gallon  of  water  concentrated  to  twice  this 
saltness  will  weigh  10*5  lbs.,  or  the  salt  in  it  will 
weigh  '5  lbs.  or  8  oz.,  which  is  the  proportion  of 
8  oz.  to  the  gallon*  However,  the  proportion  of  -^rds 
gives  a  greater  proportion  than  8  os.  to  the  gallon, 
for  3^=1^  nearly,  and  -^  of  10  lbs.  =  10  oz.  By 
keeping  the  density  of  the  water  in  a  marine  boiler  at 
the  proportion  of  8  or  10  oa.  to  the  gallon,  no  in- 
convenient amount  of  scale  will  be  deposited  on  the 
flues  or  tubes.  The  bulk  of  water,  it  may  be  re- 
marked, is  not  increased  by  putting  salt  in  it  up  to 
the  point  of  saturation,  but  only  its  density  is  in- 
creased. 

895.  Q.—  Is  there  rot  a  great  loss  of  heat  by  blow- 
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ing  off  SO  large  a  proportion  of  the  heated  water  from 
the  boiler? 

A. — The  loss  is  not  very  great.  Boilers  are  some- 
times worked  at  a  saltness  of  ^rds,  and  taking  this 
saltness  and  supposing  the  latent  heat  of  steam  to  be 
at  1000^  at  the  temperature  of  212^,  and  reckoning 
the  sum  of  the  latent  and  sensible  heats  as  forming  a 
constant  quantity,  the  latent  heat  of  steam  at  the 
temperature  of  250""  will  be  962%  and  the  total  heat 
of  the  steam  will  be  1212^  in  the  case  of  fresh  water ; 
but  as  the  feed  water  is  sent  into  the  boiler  at  the 
temperature  of  100%  the  accession  of  heat  it  receives 
from  the  fuel  will  be  1112^  in  the  case  of  fresh  water, 
or  1112^  increased  by  2*23^  in  the  case  of  water  con- 
taining ^V^s  o^  salt— 2*28''  being  the  4*70'  increase 
of  temperature  due  to  the  presence  of  ^rds  of  salt, 
multiplied  by  0*475,  the  specific  heat  of  steam.  This 
makes  the  total  accession  of  heat  received  by  the 
steam  in  the  boiler  equal  to  1114*23®,  or  say  1114% 
which  multiplied  by  3,  as  3  parts  of  the  water  are 
raised  into  steam,  gives  us  3342**  for  the  heat  in  the 
steam,  while  the  accession  of  heat  received  in  the 
boiler  by  the  1  part  of  residual  brine  will  be  154*7% 
multiplied  by  0*85,  the  specific  heat  of  the  brine,  or 
]  30*495®;  and  3342®  divided  by  130*495®  is  about 
i^th.  It  appears,  therefore,  that  by  blowing  ofiT  the 
boiler  to  such  an  extent  that  the  saltness  shall  not 
rise  above  what  answers  to  ^rds  of  salt,  about  -^^xh, 
of  the  heat  is  blown  into  the  sea :  this  is  but  a  small 
proportion  ;  and  as  there  will  be  a  greater  waste  of 
heat,  if  from  the  existence  of  scale  upon  the  flues  the 
heat  can  be  only  imperfectly  transmitted  to  the  water. 
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there  cannot  be  even  an  economy  of  fuel  in  niggard 
blowing  off,  while  it  inToIves  the  introduction  of 
other  evils.  The  proportion  of  ^rds  of  saltness, 
however,  or  16  oz.  to  the  gallon,  is  larger  than  is 
advisable,  especiallj  as  it  is  difficult  to  keep  the  salt* 
ness  at  a  perfectly  uniform  point,  and  the  working 
point  should,  therefore,  be  ^rds  as  before  prescribed. 

396.  Q. — Have  no  means  been  devised  for  turning 
to  account  the  heat  contained  in  the  brine  which  is 
expelled  from  the  boiler? 

A. — To  save  a  part  of  the  heat  lost  by  the  opera- 
tion of  blowing  off,'  the  hot  brine  is  sometimes  passed 
tlurough  a  number  of  small  tubes  surrounded  by  the 
feed  water ;  but  there  is  no  very  great  gain  from  the 
use  of  such  apparatus,  and  the  tubes  are  apt  to 
become  choked  up,  whereby  the  safety  of  the  boiler 
may  be  endangered  by  the  injurious  concentration  of 
its  contents.  Pumps,  worked  by  the  engine  for  the 
extraction  of  the  brine,  are  generally  used  in  con- 
nection with  the  small  tubes  for  the  extraction  of  tlie 
heat  from  the  supersalted  water ;  and  if  the  tubes 
become  choked  the  pumps  will  cease  to  eject  the 
water,  while  the  engineer  may  consider  them  to  be  all 
the  while  in  operation. 

397.  Q.  —  What  is  the  usual  mode  of  blowing  off 
the  supersalted  water  from  the  boiler  ? 

A.  —  The  general  mode  of  blowing  off  the  boiler  is 
to  allow  the  water  to  rise  gradually  for  an  hour  or 
two  above  the  lowest  working  level,  and  then  to  open 
the  cock  communicating  with  the  sea,  and  keep  it 
open  until  the  surface  of  the  water  within  the  boiler 
has  fallen  several  inches ;  but  in  some  cases  a  cock  of 
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smaller  size  is  allowed  to  run  water  continuouslj,  and 
in  other  cases  brine  pumps  are  used  as  already  men- 
tioned. In  every  case  in  which  the  supersalted 
water  is  discharged  from  the  boiler  in  a  continuous 
stream,  a  hydrometer  or  salt  gauge  of  some  conTe- 
nient  construction  should  be  applied  to  the  boiler,  so 
that  the  density  of  the  water  may  at  all  times  be 
visible,  and  immediate  notice  be  given  of  any  inter- 
ruption of  the  operation.  Various  contrivances  have 
been  devised  for  this  purpose,  the  most  of  which 
operate  on  the  principle  of  a  hydrometer;  but  perhaps 
a  more  satisfactory  principle  would  be  that  of  a  dif- 
ferential steam  gauge,  which  would  indicate  the 
difference  of  pressure  between  the  steam  in  the  boiler 
and  the  steam  of  a  small  quantity  of  fresh  water  en- 
closed in  a  suitable  vessel,  and  immerged  in  the  water 
of  the  boiler. 

398.  Q.— What  is  the  advantage  of  blowing  off 
from  the  surface  of  the  water  in  the  boiler  ? 

A.  —  Blowing  off  from  a  point  near  the  surface  of 
tlie  water  is  more  beneficial  than  blowing  off  from 
the  bottom  of  the  boiler.  Solid  particles  of  any 
kind,  it  is  well  known,  if  introduced  into  boiling 
water,  will  lower  the  boiling  point  in  a  slight  degree, 
and  the  steam  will  chiefly  be  generated  on  the  surface 
of  the  particles,  and  indeed  will  have  the  appearance 
of  coming  out  of  them  :  if  the  particles  be  small  the 
steam  generated  beneath  and  around  them  will  bal- 
loon them  to  the  surface  of  the  water,  where  the 
steam  will  be  liberated  and  the  particles  will  descend; 
and  the  impalpable  particles  in  a  marine  boiler, 
which  by  their  subsidence  upon  the  flues  concrete 
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into  scale,  are  carried  in  the  first  instance  to  the 
surface  of  the  water,  so  that  if  thej  be  caught  there 
and  ejected  from  the  boiler  the  formation  of  scale  will 
be  prevented. 

899.  Q.-^Are  there  any  plans  in  operation  for 
taking  advantage  of  this  property  of  particles  rising 
to  the  surface? 

A. — Advantage  is  taken  of  this  property  in  Lamb's 
Scale  Preventer,  which  is  substantially  a  contrivance 
for  blowing  off  from  the  surface  of  the  water  that  in 
practice  is  found  to  be  very  effectual ;  bat  a  float  in 
connection  with  a  valve  at  the  mouth  of  the  dis- 
chai^ng  pipe  is  there  introduced,  so  as  to  regulate 
the  quantity  of  water  blown  out  by  the  height  of  the 
water  level,  or  by  the  extent  of  opening  given  to  the 
feed  cock.  The  operation,  however,  of  the  contrivance 
would  be  much  the  same  if  the  float  were  dispensed 
with ;  but  the  float  acts  advantageously  in  hindering 
the  water  from  rising  too  high  in  the  boiler,  should 
too  much  feed  be  admitted,  and  thereby  obviates  the 
risk  of  the  water  running  over  into  the  cylinder.  In 
some  Ixnlers  sheet  iron  vessels,  called  sediment  col- 
lectors, are  employed,  which  collect  into  them  the  im- 
palpable matter,  which  in  LamVs  apparatus  is  ejected 
from  the  boiler  at  once.  One  of  these  vessels,  of 
about  the  sise  and  shape  of  a  loaf  of  sugar,  is  put 
into  each  boiler  with  the  apex  of  the  cone  turned 
downwards  into  a  pipe  leading  overboard,  for  conduct- 
ing the  sediment  away  from  the  boiler.  The  base  of 
the  cone  stands  some  distance  above  the  water  line, 
and  in  its  sides  conical  slits  are  cut^  so  as  to  establish 
a  free  communication  between  the  water  within  the 
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conical  vessel  and  the  water  outside  it.  The  partides 
of  stony  matter  which  are  ballooned  to  the  siufaee  by 
the  steam  in  ererj  other  part  of  the  boiler,  subside 
within  the  cone,  where,  no  steam  being  generated,  tho 
water  is  consequently  tranquil ;  and  the  deposit  is  dis- 
charged overboard  by  means  of  a  pipe  communicating 
with  the  sea.  By  blowing  off  from  the  surface  of  the 
water,  the  requisite  cleansing  action  is  obtained  with 
less  waste  of  heat ;  and  where  the  water  is  muddy,  the 
foam  upon  the  surface  of  the  water  is  ejected  from  the 
boiler — thereby  removing  one  of  the  chief  causes  of 
priming. 

400.  Q. — What  is  the  cause  of  the  rapid  corrosion 
of  marine  boilers  ? 

A.  —  Marine  boilers  are  corroded  externally  in  the 
region  of  the  steam  chest  by  the  dripping  of  water  from 
the  deck ;  the  bottom  of  the  boiler  is  corroded  by  the 
action  of  the  bilge  water,  and  the  ash  pits  by  the 
practice  of  quenching  the  ashes  with  salt  water.  These 
sources  of  injury,  however,  admit  of  easy  remedy :  the 
top  of  the  boiler  may  be  preserved  from  external  cor- 
rosion by  covering  it  with  felt  upon  which  is  laid 
sheet  lead  soldered  at  every  joint  so  as  to  be  im- 
penetrable to  water ;  the  ash  pits  may  be  shielded  by 
guard  plates  which  are  plates  fitting  into  the  ash  pits 
and  attached  to  the  boiler  by  a  few  bolts,  so  that 
when  worn  they  may  be  removed  and  new  ones  sob- 
stitutedy  whereby  any  wear  upon  the  boiler  in  that 
part  will  be  prevented ;  and  there  will  be  very  little 
wear  upon  the  bottom  of  a  boiler  if  it  be  imbedded  in 
mastic  cement  laid  upon  a  suitable  platform. 
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401.  Q-  —  Are  not  marine  boilers  subject  to  in* 
temal  corrosion  ? 

A.  —  Yes  ;  the  greatest  part  of  the  corrosion  of  a 
boiler  takes  place  in  the  inside  of  the  steam  chest,  and 
the  origin  of  this  corrosion  is  one  of  the  obscurest 
subjects  in  the  whole  range  of  engineering.  It  cannot 
be  from  the  chemical  action  of  the  salt  water  upon  the 
iron,  for  the  flues  and  other  parts  of  the  boiler 
beneath  the  water  suffer  rerj  little  from  corrosion, 
and  in  steam  vessels  provided  with  Hall's  condensers, 
which  supply  the  boiler  with  fresh  water,  not  much 
increased  durability  of  the  boiler  has  been  experienced. 
Nevertheless,  marine  boilers  seldom  last  more  than  for 
5  or  6  years,  whereas  land  boilers  made  of  the  same 
quality  of  iron  often  last  18  or  20  years,  and  it  does 
not  appear  probable  that  land  boilers  would  last  a 
very  much  shorter  time  if  salt  water  were  used  in 
them.  The  thin  film  of  scale  spread  over  the  parts  of 
a  marine  boiler  situated  beneath  the  water,  effectually 
protect  them  from  corrosion;  and  when  the  other 
parts  are  completely  worn  out  the  fines  generally 
remain  so  perfect,  that  the  hammer  marks  upon  them 
are  as  conspicuous  as  at  their  first  formation.  The 
operation  of  the  steam  in  corroding  the  interior  of  the 
boiler  is  most  capricious  —  the  parts  which  are  most 
rapidly  worn  away  in  one  boiler  being  untouched  in 
another ;  and  in  some  cases  one  side  of  a  steam  chest 
will  be  very  much  wasted  away  while  the  opposite 
side  remains  uninjured.  Sometimes  the  iron  ex- 
foliates in  the  shape  of  a  black  oxide  which  comes 
away  in  fiakes  like  the  leaves  of  a  book,  while  in 
other  cases  the  iron  appears  as  if  eaten  away  by  i^ 
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strong  acid  which  had  a  solvent  action  upon  it  The 
application  of  felt  to  the  outside  of  a  boiler,  has  In 
several  cases  been  found  to  accelerate  sensibly  its  in- 
ternal corrosion ;  boilers  in  which  there  is  a  large  ac- 
cumulation of  scale  appear  to  be  more  corroded  than 
where  there  is  no  such  deposit ;  and  where  the  funnel 
passes  through  the  steam  chest  the  iron  of  the  steam 
chest  is  invariably  much  more  corroded  than  where 
the  funnel  does  not  pass  through  it. 

402.  Q. — Can  you  suggest  no  reason  for  the  rapid 
internal  corrosion  of  marine  boilers  ? 

A.  —  The  facts  which  I  have  enumerateii  appear 
to  indicate  that  the  internal  corrosion  of  marine 
boilers  is  attributable  chiefly  to  the  existence  of  sur- 
charged steam  within  them,  which  is  steam  to  which 
an  additional  quantity  of  heat  has  been  communicated 
subsequently  to  its  generation,  so  that  its  temperature 
is  greater  than  is  due  to  its  elastic  force ;  and  on  tbi.^ 
hypothesis  the  observed  facts  relative  to  corrosion 
become  to  some  extent  explicable.  Felt,  applied  to 
the  outside  of  a  boiler,  may  accelerate  its  internal 
corrosion  by  keeping  the  steam  in  a  surcharged  state, 
when  by  the  dispersion  of  a  part  of  the  heat  it  would 
cease  to  be  in  that  state ;  boilers  in  which  there  is  a 
large  accumulation  of  scale  must  have  worked  with 
the  water  very  salt,  which  necessarily  produces  sur- 
charged steam ;  for  the  temperature  of  steam  cannot 
be  less  than  that  of  the  water  from  which  it  is  gene- 
rated, and  inasmuch  as  the  boiling  point  of  water, 
under  any  given  pressure,  rises  with  the  saltness  of 
the  water,  the  temperature  of  the  steam  must  rise  with 
the  saltness  of  the  water,  the  pressure  remaining  thti 
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same ;  or,  in  other  words,  the  steam  must  have  a 
higher  temperature  than  is  due  to  its  ehistic  force,  or 
be  in  the  state  of  surcharged  steam.  The  circum- 
stance of  the  chimney  flue  passing  through  the  steam 
will  manifestly  surcharge  the  steam  with  heat,  so  that 
all  the  circumstances  which  are  found  to  accelerate 
corrosion,  are  it  appears  such  as  would  also  induce 
the  formation  of  surcharged  steam. 

403.  Q.  —  Is  it  the  natural  effect  of  surcharged 
steam  to  waste  away  iron  ? 

A. — It  is  the  natural  effect  of  surcharged  steam  to 
oxidate  the  iron  with  which  it  is  in  contact,  as  is 
illustrated  by  the  familiar  process  for  making  hydro-* 
gen  gas  by  sending  steam  through  a  red  hot  tube  filled 
with  pieces  of  iron ;  and  although  the  action  of  the 
surcharged  steam  in  a  boiler  is  necessarily  very  much 
weaker  than  where  the  iron  is  red  hot,  it  manifestly 
must  have  9ome  oxidising  effect,  and  the  amount  of 
corrosion  produced  may  be  very  material  where  the 
action  is  perpetual.  Boilers  with  a  large  extent  of 
heating  surface,  or  with  descending  flues  circulating 
through  the  cooler  water  in  the  bottom  of  the  boiler 
before  ascending  the  chimney,  will  be  less  corroded 
internally  than  boilers  in  which  a  large  quantity  of 
the  heat  passes  away  in  the  smoke ;  and  the  corrosion 
of  the  boiler  will  be  diminished  if  the  interior  of  any 
flae  passing  through  the  steam  be  coated  with  fire 
brick,  so  as  to  prevent  the  transmission  of  the  heat  in 
that  situation.  The  best  practice,  however,  appears 
to  consist  in  the  transmission  of  the  smoke  through  a 
saitable  passage  on  the  outside  of  the  boiler,  so  as  to 
sapersede  the  necessity  of  carrying  any  flue  through 
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the  steam  at  all ;  or  a  column  of  water  maj  be  carried 
round  the  chimney,  into  which  as  much  of  the  feed 
water  may  be  introduced  as  the  heat  of  the  chimney 
is  capable  of  raising  to  the  boiling  point* 

404.  Q. — In  steam  vessels  there  are  usually  several 
boilers  ? 

A,  —  Yes,  in  steam  vessels  of  considerable  power 
and  size. 

406.  Q.  —  Are  these  boilers  generally  so  con. 
3tructed,  that  any  one  of  them  may  be  thrown  out 
of  use? 

A.  —  Marine  boilers  are  now  generally  supplied 
with  stop  valves,  whereby  one  boiler  may  be  thrown 
out  of  use  without  impairing  the  efficacy  of  the 
remainder.  These  stop  valves  are  usually  spindle 
valves  of  large  size,  and  they  are  for  the  most  part 
set  in  a  pipe  which  runs  across  the  steam  chests,  con- 
necting the  several  boilers  together.  The  spindles  of 
these  valves  should  project  through  stuffing  boxes  in 
the  covers  of  the  valve  chests,  and  they  should  bs 
balanced  by  a  weighted  lever,  and  kept  in  continual 
action  by  the  steam.  If  the  valves  be  lifted  up,  and 
be  suffered  to  remain  up,  as  is  the  usual  practice, 
they  will  become  fixed  by  corrosion  in  that  position, 
and  it  will  be  impossible  after  some  time  to  shut 
them  on  an  emergency.  These  valves  should  always 
be  easily  accessible  from  the  engine  room;  and  it 
ought  not  to  be  necessary  for  the  coal  boxes  to  be 
empty  to  gain  access  to  them. 

*  Since  these  recommendations  were  first  given,  the  plan  of 
carrying  the  chimney  through  the  steam  has  been  almost  uni- 
versally discontinaed. 
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406.  Q.  —  Should  each  boiler  have  at  least  one 
safety  valve  for  itself  ? 

A.  — -  Yes ;  it  would  be  quite  unsafe  without  this 
provision,  as  the  stop  valve  might  possibly  jam. 
Sometimes  valves  jam  from  a  distortion  in  the  shape 
of  the  boiler  when  a  considerable  pressure  is  put 
upon  it. 

407.  Q. —  How  is  the  admission  of  the  water  into 
the  boiler  regulated  ? 

A, — The  admission  of  feed  water  into  the  boiler  is 
regnlated  by  hand  by  the  engineer  by  means  of  cocks, 
and  sometimes  by  spindle  valves  raised  and  lowered 
by  a  screw.  Cocks  appear  to  be  the  preferable  ex- 
pedient, as  they  are  less  liable  to  accident  or  derange- 
ment  than  screw  valves,  and  in  modern  steam  vessels 
they  are  generally  employed. 

408.  Q.  —  At  what  point  of  the  boiler  is  the  feed 
introduced  ? 

A, — The  feed  water  is  usually  conducted  from  the 
feed  cock  to  a  point  near  the  bottom  of  the  boiler  by 
means  of  an  internal  pipe,  the  object  of  this  arrange* 
ment  being  to  prevent  the  rising  steam  from  being 
condensed  by  the  entering  water.  By  being  intro- 
duced near  the  bottom  of  the  boiler,  the  water  comes 
into  contact  in  the  first  place  with  the  bottoms  of  the 
furnaces  and  flues,  and  extracts  heat  from  then. 
which  could  not  ba  extracted  by  water  of  a  higher 
temperature,  whereby  a  saving  of  fuel  is  accomplished. 
In  some  cases  the  feed  water  is  introduced  into  a 
casing  around  the  chimney,  from  whence  it  descends 
into  the  boiler.  This  plan  appears  to  be  an  expedient 
one  when  the  boiler  is  short  of  heating  surface,  and 
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more  than  a  usual  quantity  of  heat  ascends  the 
chimney ;  but  in  well  proportioned  boilers  a  water 
casing  round  the  chimney  is  superfluous.  When  a 
water  casing  is  used  the  boiler  is  generally  fed  by  a 
head  of  water,  the  feed  water  being  forced  up  into  a 
small  tank,  from  whence  it  descends  into  the  boiler 
by  the  force  of  gravity,  while  the  surplus  runs  to 
waste,  as  in  the  feeding  apparatus  of  land  engines. 

409.  Q. —  Suppose  that  the  engineer  should  shut 
off  the  feed  water  from  the  boilers  while  the  engine 
was  working,  what  would  be  the  result  ? 

A.  —  The  result  would  be  to  burst  the  feed  pipesi, 
except  for  a  safety  valve  placed  on  the  feed  pipe 
between  the  engine  and  the  boilers,  which  safety 
valve  opens  when  any  undue  pressure  comes  upon 
the  pipes,  and  allows  the  water  to  escape.  There  is, 
however,  generally  a  cock  on  the  suction  side  of  the 
feed  pump,  which  regulates  the  quantity  of  water 
drawn  into  the  pump.  But  there  must  be  cocks  on 
the  boilers  also  to  determine  into  which  boiler  the 
water  shall  be  chiefly  discharged,  and  these  cocks  are 
sometimes  all  shut  accidentally  at  the  same  time. 

410.  Q.  —  Is  there  no  expedient  in  use  in  steam 
vessels  for  enabling  the  position  of  the  water  level  in 
the  boiler  to  determine  the  quantity  of  feed  water 
admitted  ? 

A,  —  In  some  steam  vessels  floats  have  been  in« 
troduced  to  regulate  the  feed,  but  their  action  cannot 
be  depended  on  in  agitated  water,  if  applied  after  the 
common  fashion.  Floats  would  probably  answer  if 
placed  in  a  cylinder  which  communicates  with  the 
water  in  the  boiler  by  means  of  small  holes ;  and  a 
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disc  of  metal  might  be  attached  to  the  end  of  a  rod 
extending  beneath  the  water  level,  so  as  to  resist 
irregular  movements  from  the  motion  of  the  ship  at 
sea,  which  would  otherwise  impair  the  action  of  the 
apparatus. 

411.  Q. — How  is  the  proper  level  of  the  water  in 
the  boiler  of  a  steam  vessel  maintained  when  the 
engine  is  stopped  for  some  time,  and  the  boiler  is 
blowing  off  steam  ? 

A. — By  means  of  a  separate  pump  worked  some- 
times by  hand,  but  usually  by  a  small  separate  engine 
called  the  Donkey  engine.  This  pump,  by  the  aid  of 
suitable  cocks,  will  pump  from  the  sea  into  the  boiler ; 
from  the  sea  upon  deck,  either  to  wash  decks  or  to 
extinguish  fire;  and  from  the  bilge  overboard,  through 
a  suitable  orifice  in  the  side  of  the  ship. 


LOCOMOTIVB   BOXL£ES. 

412.  Q.^-Will  you  recapitulate  the  general  features 
of  locomotive  boilers  ? 

A» — Locomotive  boilers  consist  of  three  portions -« 
the  barrel  containing  the  tubes,  the  fire  box,  and  the 
smoke  box;  of  which  the  barrel,  smoke  box,  and  ex 
ternal  fire  box  are  always  of  iron,  but  the  internal 
fire  box  is  generally  made  of  copper,  though  some- 
times also  it  is  made  of  iron.  The  tubes  are  some- 
times of  iron,  but  generally  of  brass  fixed  in  by 
ferules.  The  whole  of  the  iron  plates  of  a  locomotive 
boiler  which  are  subjected  to  the  pressure  of  steam^ 
should  be  Lowmoor  or  Bowling  plates  of  the  best 
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quality;  and  the  copper  should  be  coarse  grained, 
rather  than  rich  or  soft,  and  be  perfectly  free  from 
irregularities  of  structure  and  lamination. 

413.  Q.  —  What  are  the  usual  dimensions  of  the 
barrel  ? 

A.  —  The  thickness  of  the  plates  composing  the 
barrel  of  the  boiler  yaries  generally  from  i^ths  to 
fths  of  an  inch,  and  the  plates  should  run  in  the 
direction  of  the  circumference,  so  that  the  fibres  of 
the  iron  may  be  in  the  direction  of  the  strain.  The 
diameter  of  the  barrel  commonly  varies  from  3  ft.  to 
3  ft.  6  inches ;  the  diameter  of  the  rivets  should  be 
from  ^iths  to  f  ths  of  an  inch,  and  the  pitch  of  the 
rivets  or  distance  between  their  centres  should  be 
from  y  ths  to  2  inches. 

414.  Q.  —  How  are  the  fire  boxes  of  a  locomotive 
constructed  ? 

A,  —  The  space  between  the  external  and  internal 
fire  boxes  forms  a  water  space,  which  must  be  stayed 
every  4^  or  5  inches  by  means  of  copper  or  iron  staj 
bolts,  screwed  through  the  outer  fire  box  into  the  metal 
of  the  inner  fire  box,  and  securely  riveted  within  it : 
iron  stay  bolts  are  as  durable  as  copper,  and  their 
superior  tenacity  gives  them  an  advantage.  Home- 
times  tubes  are  employed  as  stays.  The  internal  and 
external  fire  boxes  are  joined  together  at  the  bottom 
by  a  N  shaped  iron,  and  round  the  fire  door  they  are 
connected  by  means  of  a  copper  ring  1^  in.  thick, 
nnd  2  in.  broad,  —  the  inner  fire  box  being  dished 
sutficiently  outwards  at  that  point,  and  the  outer  fire 
box  sufficiently  inwards,  to  enable  a  circle  of  rivets 
\  of  an  inch  in  diameter  passing  through  the  copper 
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ring  and  the  two  thicknesses  of  iron,  to  make  a 
watertight  joint  The  thickness  of  the  plates  com- 
posing the  external  fire  box  is  in  general  |ths  of  an 
inch  if  the  fire  box  is  circular,  and  from  fths  to  ^ 
inch  if  the  fire  bo&  is  square ;  and  the  thickness  of 
the  internal  fire  box  is  in  most  cases  -/irths  if  copper, 
and  from  f  ths  to  -j^ths  of  an  inch  if  of  iron.  Circular 
internal  fire  boxes,  if  made  of  iron,  should  be  welded 
rather  than  riveted,  as  the  rivet  heads  are  liable  to 
be  burnt  away  hy  the  action  of  the  fire ;  and  when 
the  fire  boxes  are  square  each  side  should  consist  of 
a  single  plate,  turned  over  at  the  edges  with  a  radius 
of  3  inches,  for  the  introduction  of  the  rivets. 

415.  Q. — Is  there  anj  provision  for  stiffening  the 
crown  of  the  furnace  in  a  locomotive  ? 

A.  —  The  roof  of  the  internal  fire  box,  whether 
flat  as  in  Stephenson's  engines,  or  dome  shaped  as  in 
Bury*s,  requires  to  be  stiffened  with  cross  stay  bars, 
but  the  bars  require  to  be  stronger  and  more  numerous 
when  applied  to  a  flat  surface.  The  ends  of  these 
stay  bars  rest  above  the  vertical  sides  of  the  fire  box ; 
and  to  the  stay  bars  thus  extending  across  the  crown, 
the  crown  is  attached  at  intervals  by  means  of  stay 
bolts.  There  are  projecting  bosses  upon  the  stay 
bars  encircling  the  bolts  at  every  point  where  a  bolt 
goes  through,  but  in  the  other  parts  they  are  kept 
clear  of  the  fire  box  crown  so  as  to  permit  the  access 
of  water  to  the  metal ;  and,  with  the  view  of  facili- 
tating the  ascent  of  the  steam,  the  bottom  of  each  stay 
bar  should  be  sharpened  away  in  those  parts  where  it 
does  not  touch  the  boiler. 
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416.   Q. — Is  any  inconvenience  experienced  from 
the  intense  heat  in  a  locomotive  furnace  ? 

A, — The  fire  bars  in  locomotives  have  always  been 
a  source  of  trouble,  as  from  the  intensity  of  the  heat 
in  the  furnace  they  become  so  hot  as  to  throw  off  a 
scale,  and  to  bend  under  the  weight  of  the  fuel.  The 
best  alleviation  of  these  evils  lies  in  making  the  bars 
deep  and  thin :  4  or  5  inches  deep  by  five-eighths  of  an 
inch  thick  on  the  upper  side,  and  three-eighths  of  an 
inch  on  the  under  side,  are  found  in  practice  to  be 
good  dimensions.  In  some  locomotives  a  frame 
carrying  a  number  of  fire  bars  is  made  so  that  it  may 
be  dropped  suddenly  by  loosening  a  catch ;  but  it  is 
found  that  any  such  mechanism  can  rarely  be  long 
kept  in  working  order,  as  the  molten  clinker  by  run- 
ning down  between  the  frame  and  the  boiler  will 
generally  glue  the  frame  into  its  place.  It  is  there- 
fore found  preferable  to  fix  the  frame,  and  to  lift  up 
the  bars  by  the  dart  used  by  the  stoker,  when  any 
cause  requires  the  fire  to  be  withdrawn.  The  furnace 
bars  of  locomotives  are  always  made  of  malleable  iron, 
and  indeed  for  every  species  of  boiler  malleable  iron 
Y)ars  are  to  be  preferred  to  bars  of  cast  iron,  as  they 
are  more  durable,  and  may  if  thin  be  set  closer  together, 
whereby  the  small  coal  or  coke  is  saved  that  would 
otherwise  fall  into  the  ash  pit.  The  ash  box  of  loco- 
motives is  made  of  plate  iron  a  quarter  thick:  it 
should  not  be  less  than  10  in.  deep,  and  its  bottom 
should  be  about  9  in.  above  the  level  of  the  rails. 
The  chimney  of  a  locomotive  is  made  of  plate  iron 
one-eighth  of  an  inch  thick :  it  is  usually  of  the  same 
diameter  as  the  cylinder,  but  is  better  smaller,  and 
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must  not  stand  more  than  14  ft.  high  above  the  level 
of  the  rails* 

417.  Q. — Are  locomotive  boilers  provided  with  a 
steam  chest  ? 

A, — The  upper  portion  of  the  external  fire  box  is 
usually  formed  into  a  steam  chest,  which  is  sometimes 
dome  shaped,  sometimes  semicircular,  and  sometimes 
of  a  pjramidical  form,  and  from  this  steam  chest  the 
steam  is  conducted  away  by  an  internal  pipe  to  the 
cylinders ;  but  in  other  cases  an  independent  steam 
chest  is  set  upon  the  barrel  of  the  boiler,  consisting 
of  a  plate  iron  cylinder,  20  inches  in  diameter,  2  feet 
high,  and  three-eighths  of  an  inch  thick,  with  a  dome 
shaped  top,  and  with  the  seam  welded  and  the  edge 
turned  over  to  form  a  fiange  of  attachment  to  the 
boiler.  The  pyramidical  dome,  of  the  form  employed 
in  Stephenson's  locomotives,  presents  a  considerable 
extent  of  flat  surface  to  the  pressure  of  the  steam,  and 
this  flat  surface  requires  to  be  very  strongly  stayed 
with  angle  irons  and  tension  rods ;  whereas  the  semi* 
globular  dome  of  the  kind  employed  in  Bury's  engines 
requires  no  staying  whatever.  Latterly,  however, 
these  domes  over  the  fire  box  have  been  either  much 
reduced  in  size  or  abandoned  altogether. 

418.  Q. — ^Is  any  beneficial  use  made  of  the  surplus 
steam  of  a  locomotive  ? 

A, — To  save  the  steam  which  is  formed  when  the 
engine  is  stationary,  a  pipe  is  usually  fitted  to  the 
boiler,  which  on  a  cock  being  turned  conducts  the 
steam  into  the  water  in  the  tender,  whereby  the  feed 
water  is  heated,  and  less  fuel  is  subsequently  required. 
This  method  of  disposing  of  the  surplus  steam  may  be 
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adapted  when  the  locomotive  h  descending  inclines, 
or  on  any  occasion  where  more  steam  is  produced  than 
the  engine  can  consume. 

419.  Q. — ^What  means  are  provided  to  facilitate 
the  inspection  and  cleaning  of  locomotive  boilers  ? 

^.-^The  man  hole»  or  entrance  into  the  boiler, 
consists  of  a  circular  or  oval  aperture,  of  about  16  in. 
diameter,  placed  in  Bury's  locomotive  at  the  apex  of 
the  dome^  and  in  Stephenson's  upon  the  front  of  the 
boiler,  a  few  inches  below  the  level  of  the  rounded 
part ;  and  the  cover  of  the  man  hole  in  Burl's  engine 
contains  the  safety  valve  seats.  In  whatever  situa- 
tion this  man  hole  is  placed,  the  surfaces  of  the  ring 
encircliug  the  hole,  and  of  the  internal  part  of  the 
door  or  cover,  should  be  accurately  fitted  together  by 
scraping  or  grinding,  so  that  they  need  only  the  inter- 
position of  a  little  red  lead  to  make  them  quite  tight 
when  screwed  together.  Lead  or  canvass  joints  i£of 
any  considerable  thickness  will  not  long  withstand  the 
action  of  high  pressure  steam  $  and  the  whole  of  the 
joints  about  a  locomotive  should  be  such  that  they  re- 
quire nothing  more  than  a  little  paint  or  putty,  or  a 
ring  of  wire  gauze  smeared  with  white  or  red  lead  to 
make  them  perfectly  tight  There  must  be  a  mud 
hole  opposite  the  edge  of  each  water  space,  if  the  fire 
box  be  square,  to  enable  the  boiler  to  be  easily  cleaned 
out,  and  these  holes  are  most  safely  closed  by  doors 
put  on  from  the  inside.  A  cock  for  emptying  the 
boiler  is  usually  fixed  at  the  bottom  of  the  fire  box, 
and  it  should  be  so  placed  as  t<>  be  accessible  when 
the  engine  is  at  work,  in  order  that  the  engine 
driver    may    blow  off   some  water    if   necessary ; 
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but  it  must  not  be  in  such  a  position  as  to  send  the 
water  blown  off  among  the  machinery,  as  it  might 
carrj  sand  or  grit  into  the  bearings,  to  their  manifest 
injury. 

420.  Q.-— Will  you  state  the  dimensions  of  the 
tube  plate  and  the  means  of  securing  the  tubes  in  it? 

A. — The  tube  plates  are  generally  made  from  five- 
eighths  to  three-fourths  of  an  inch  thick,  but  seven- 
eighths  of  an  inch  thick  appears  to  be  preferable,  as 
when  the  plate  is  thick  the  holes  will  not  be  so  liable 
to  change  their  figure  during  the  process  of  feruling 
the  tubes:  the  distance  between  the  tubes  should 
never  be  made  less  than  three-fourths  of  an  inch,  and 
the  holes  should  be  slightly  tapered  so  as  to  enable 
the  tubes  to  hold  the  tube  plates  together.  The  tubes 
are  secured  in  the  tube  plates  by  means  of  taper 
ferules  driven  into  the  ends  of  the  tubes.  The  fe- 
rules are  for  the  most  part  made  of  steel  at  the  fire 
box  end,  and  of  wrought  iron  at  the  smoke  box  end, 
though  ferules  of  malleable  cast  iron  have  in  some 
cases  been  used  with  advantage  :  malleable  cast  iron 
ferules  are  almost  as  easily  expanded  when  hammered 
cold  upon  a  mandril^  as  the  common  wrought  iron 
ones  are  at  a  working  heat.  Spring  steel,  rolled  with 
a  feather  edge,  to  facilitate  its  conversion  into  fe- 
rules, is  supplied  by  some  of  the  steel-makers  of  Shef- 
field, and  it  appears  expedient  to  make  use  of  steel 
thus  prepared  when  steel  ferules  are  employed.  In 
cases  where  ferules  are  not  employed,  it  may  be  ad- 
visable to  set  out  the  tube  behind  the  tube  plate  by 
means  of  an  expanding  mandriL  There  are  various 
forms  of  this  instrument.     One  form  is  that  known  as 
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Prosser's  expanding  mandril,  in  which  there  are  six 
or  eight  segments,  which  are  forced  out  bj  means  of 
a  hexagonal  or  octagonal  wedge,  which  is  forced  for- 
ward hj  a  screw.  "When  the  wedge  is  withdrawn, 
the  segments  collapse  sufficiently  to  enable  them  to 
enter  the  tube,  and  there  is  an  annular  protuberance 
on  the  exterior  circle  of  the  segments,  which  pro- 
tuberance, when  the  mandril  is  put  into  the  tube,  just 
comes  behind  the  inner  edge  of  the  tube  plate.  When 
the  wedge  is  tightened  up  by  the  screw,  the  protuber- 
ance on  the  exterior  of  the  segments  composing  the 
mandril  causes  a  corresponding  bulge  to  take  place  in 
the  tube,  at  the  back  of  the  tube  plate,  and  the  tube  is 
thereby  brought  into  more  intimate  contact  with  the 
tube  plate  than  would  otherwise  be  the  case.  There 
is  a  steel  ring  indented  into  the  segments  of  Prosser's 
mandril,  to  contract  the  segments  when  the  central 
wedge  is  withdrawn.  A  more  convenient  form  of  the 
instrument,  however,  is  obtained  by  placing  the 
segments  in  a  circular  box,  with  one  end  projecting; 
and  supporting  each  segment  in  the  box  by  a  tenon, 
which  fits  into  a  mortice  in  the  cylindrical  box.  To 
expand  the  segments^  a  round  tapered  piece  of  steel, 
like  a  drift,  is  forced  into  a  central  hole,  round  which 
the  segments  are  arranged.  A  piece  of  steel  tube, 
also  slit  up  to  enable  a  central  drift  to  expand  it, 
answers  very  well ;  but  the  thickness  of  that  part  of  the 
tube  in  which  there  requires  to  be  spring  enough  to 
let  the  mandril  expand,  requires  to  be  sufficiently  re- 
duced to  prevent  the  pieces  from  cracking  when  the 
central  drift  is  driven  in  by  a  hammer.  The  drift  is 
better  when  made  with  a  globular  head,  so  that  it  may 
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be  Struck  back  by  the  hammer,  as  well  as  be  driven 
in.  An  expanding  mandril,  with  a  central  drift,  is 
more  rapid  in  its  operation  than  when  the  expansion 
is  produced  hj  means  of  a  screw. 

421.  Q. — Will  you  explain  the  means  that  are 
adopted  to  regulate  the  admission  of  steam  to  the 
cylinders  ? 

A.  —  In  locomotives,  the  admission  of  the  steam 
from  the  boiler  to  the  cylinders  is  regulated  by  a  valve 
called  the  regulator,  which  is  generally  placed  imme- 
diately above  the  internal  fire  box,  and  is  connected 
with  two  copper  pipes ;  —  one  conducting  steam  from 
the  highest  point  of  the  dome  down  to  it,  and  the 
other  conducting  the  steam  that  has  passed  through  it 
along  the  boiler  to  the  upper  part  of  the  smoke  box. 
Regulators  may  be  divided  into  two  sorts,  viz.,  those 
with  sliding  valves  and  steam  ports,  and  those  with 
conical  valves  and  seats,  of  which  the  latter  kind  are 
the  best.  The  former  kind  have  for  the  most  part 
consisted  of  a  circular  valve  and  face,  with  radial 
apertures,  the  valve  resembling  the  outstretched  wings 
of  a  butterfly,  and  being  made  to  revolve  on  its  cen- 
tral pivot  by  connecting  links  between  its  outer  edges, 
or  by  its  central  spindle.  In  some  of  Stephenson's 
engines  the  regulator  consists  of  a  slide  valve  cover- 
ing a  port  on  the  top  of  the  valve  chests.  A  rod 
passes  from  this  valve  through  the  smoke  box  below 
the  boiler,  and  by  means  of  a  lever  parallel  to  the 
starting  lever,  is  brought  up  to  the  engineer's  reach. 
Cocks  were  at  first  used  as  regulators,  but  were  given 
up,  as  they  were  found  liable  to  stick  fast  A  gridiron 
slide  valve  has  been  used  by  Stephenson,  which  con- 
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siBts  of  a  perforated  square  moTing  upon  a  face  with 
an  equal  number  of  holes.  This  plan  of  a  valve  gives, 
with  a  small  movement,  a  large  area  of  opening.  In 
Burj's  engines  a  sort  of  conical  plug  is  used,  which  is 
withdrawn  by  turning  the  handle  in  front  of  the  fire 
box :  a  spiral  grove  of  very  large  pitch  is  made  in  the 
valve  spindle,  in  which  fits  a  pin  fixed  to  the  boiler, 
and  by  turning  the  spindle  an  end  motion  is  given  to 
it,  which  either  shuts  or  opens  the  steam  passage 
according  to  the  direction  in  which  it  is  turned.  The 
best  regulator  would  probably  be  a  valve  of  the  equi- 
librium description,  such  as  is  used  in  the  Cornish 
engine :  there  would  be  no  friction  in  such  a  regu- 
lator, and  it  could  be  opened  or  shut  with  a  small 
amount  of  force.  Such  valves,  indeed,  are  now  some- 
times employed  for  regulators  in  locomotives. 
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CHAP.  VIIL 

CONSTRUCTIVE  DETAILS  OF   ENGINES. 


FUMPINa  ENGINES. 


422.  Q. — Will  you  explain  the  course  of  procedure 
in  the  erection  of  a  pumping  engine,  such  as  Boulton 
and  Watt  introduced  into  Cornwall  ? 

A — The  best  instructions  on  this  subject  are  those 
of  Mr.  Watt  himself,  which  are  as  follows :  —  Having 
fixed  on  the  proper  situation  of  the  pump  in  the  pit, 
from  its  centre  measure  out  the  distance  to  the  centro 
of  the  cylinder,  from  which  set  off  all  the  other  dimec* 
sions  of  the  house,. including  the  thickness  of  the  walls, 
and  dig  out  the  whole  of  the  included  ground  to  the 
depth  of  the  bottom  of  the  cellar,  so  that  the  bottom 
of  the  cylinder  may  stand  on  a  level  with  the  natural 
ground  of  the  place,  or  lower  if  convenient,  for  the 
less  the  height  of  the  house  above  the  ground,  the 
firmer  it  will  be.  The  foundations  of  the  walls  must 
be  laid  at  least  two  feet  lower  than  the  bottom  of  the 
cellar,  unless  the  foundation  be  firm  rock ;  and  care 
must  be  taken  to  leave  a  small  drain  into  the  pit  quite 
through  the  lowest  part  of  the  foundation  of  the  lever 
wall,  to  let  off  any  water  that  may  be  spilt  in  the 
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engine  house,  or  may  naturally  come  into  the  cellar 
If  the  foundation*  at  that  depth  does  not  prove  good, 
you  must  either  go  down  to  a  better  if  in  your  reach, 
or  make  it  good  by  a  platform  of  wood  or  piles,  or 
both. 

423.  Q.  —  These  directions  refer  to  the  founda- 
tions ? 

A. — Tes;  but  I  will  now  proceed  to  the  other 
parts.  Within  the  house,  low  walls  must  be  built  to 
carry  the  cylinder  beams,  so  as  to  leave  sufficient 
room  to  come  at  the  holding  down  bolts,  and  the  ends 
of  these  beams  must  also  be  lodged  in  the  wall.  The 
lever  wall  must  be  built  in  the  firmest  manner,  and 
run  solid,  course  by  course,  with  thin  lime  mortar 
care  being  taken  that  the  lime  has  not  been  long 
slaked.  If  the  houne  be  built  of  stone,  let  the  stones 
be  large  and  long,  and  let  many  headers  be  laid  through 
the  wall :  it  should  also  be  a  rule,  that  every  stone  be 
laid  on  the  broadest  bed  it  has,  and  never  set  on  its 
edge*  A  course  or  two  above  the  lintel  of  the  door 
that  leads  to  the  condenser,  build  into  the  wall  two 
parallel  flat  thin  bars  of  iron  equally  distant  from  each 
other,  and  from  the  outside  and  inside  of  the  wall, 
and  reaching  the  whole  breadth  of  the  lever  wall 
About  a  foot  higher  in  the  wall,  lay  at  every  four  feet 
of  the  breadth  of  the  front,  other  bars  of  the  same 
kind  at  right  angles  to  the  former  course,  and  reach- 
ing quite  through  the  thickness  of  the  wall ;  and  at 
each  front  corner  lay  a  long  bar  in  the  middle  of  the 
side  walls,  and  reaching  quite  through  the  front  wall ; 
if  these  bars  are  10  feet  or  12  feet  long  it  will  be  suf- 
ficient.   When  the  house  is  built  up  nearly  to  the 
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bottom  of  the  opening  under  the  great  heam,  another 
double  course  of  bars  is  to  be  built  in,  as  has  been 
directed.  At  the  level  of  the  upper  cylinder  beams, 
holes  must  be  left  in  the  walls  for  their  ends,  with 
room  to  move  them  laterally,  so  that  the  cylinder  may 
be  got  in;  and  smaller  holes  must  be  left  quite  througli 
the  walls  for  the  introduction  of  iron  bars,  which 
being  firmly  fastened  to  the  cylinder  beams  at  one 
end,  and  screwed  at  the  other  or  outer  end,  will  serve, 
by  their  going  through  both  the  front  and  back  walls, 
to  bind  the  house  more  firmly  together.  The  spring 
beams  or  iron  bars  fastened  to  them  must  reach  quite 
through  the  back  wall,  and  be  keyed  or  screwed  up 
tight ;  and  they  must  be  firmly  fastened  to  the  lever 
wall  on  each  side,  either  by  iron  bars,  firm  pieces  of 
wood,  or  long  strong  stones,  reaching  far  back  into 
the  wall.  They  must  also  be  bedded  solidly,  and  the 
residue  of  the  opening  must  be  built  up  in  the  firmest 
manner. 

424.  Q-  —  If  there  be  a  deficiency  of  water  for  the 
purpose  of  condensation,  what  course  should  be  put 
saed  ? 

A,  —  If  there  be  no  water  in  the  neighbourhood 
that  can  be  employed  for  the  purpose  of  condensation, 
it  will  be  necessary  to  make  a  pond,  dug  in  the  earth, 
for  .the  reception  of  the  water  delivered  by  the  air 
pamp,  to  the  end  that  it  may  be  cooled  and  used  again 
for  the  engine.  The  pond  may  be  three  or  four  feet 
deep,  and  lined  with  turf,  puddled,  or  otherwise  made 
mrater  tight.  Throwing  up  the  water  into  the  air 
in    the  form  of  a  jet  to  cool  it,  has  been  found  detri- 
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mental ;  as  the  water  is  then  charged  with  air  which 
vitiates  the  vacuum. 

425.  Q.  —  How  is  the  piston  of  a  pumping  engine 
packed  ? 

A.  —  To  pack  the  piston^  take  sixty  common-siaed 
white  or  untarred  rope-jams^  and  with  them  plait  a 
gasket  or  flat  rope  as  close  and  firm  as  possible,  taper- 
ing for  eighteen  inches  at  each  end,  and  long  enough 
to  go  round  the  piston^  and  overlapped  for  that  length; 
coil  this  rope  the  thin  way  as  hard  as  possible,  and 
beat  it  with  a  sledge  hammer  until  its  breadth  answers 
the  place  ;  put  it  in  and  beat  it  down  with  a  woodm 
drift  and  a  hand  mallet,  pour  some  melted  tallow  all 
around,  then  pack  in  a  layer  of  white  oakum  half  an 
inch  thick,  so  that  the  whole  packing  may  have  the 
depth  of  five  to  six  inches,  depending  on  the  size  of 
the  engine;  finally,  screw  down  the  junk  ring.  The 
packing  should  be  beat  solid,  but  not  too  hard,  other- 
wise it  will  create  so  great  a  friction  as  to  prevent  the 
easy  going  of  the  engine.  Abundance  of  tallow  should 
be  allowed,  especially  at  first ;  the  quantity  required 
will  be  less  as  the  cylinder  grows  smooth.  In  some 
of  the  more  modern  pumping  engines^  the  piston  is 
provided  with  metallic  packing,  consisting  for  the 
most  part  of  a  single  ring  with  a  tongue  piece  to 
break  the  joint,  and  packed  behind  with  hemp.  The 
upper  edge  of  the  metallic  ring  is  sharpened  away 
from  the  inside  so  as  to  permit  more  conveniently  tte 
application  of  hemp  packing  behind  it ;  and  the  jank 
ring  is  made  much  the  same  as  if  no  metallic  packing 
were  employed. 
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426.  Q. — Will  you  explain  the  mode  of  putting 
the  engine  into  operation  ? 

A,  —  To  set  the  engine  going,  the  steam  must  be 
raised  until  the  pressure  in  the  steam  pipe  is  at  least 
equal  to  three  pounds  on  the  square  inch ;  and  when 
the  cylinder  jacket  is  fully  warmed,  and  steam  issues 
freely  from  the  jacket  cock,  open  all  the  valves  or 
regulators ;  the  steam  will  then  forcibly  blow  out  the 
air  or  water  contained  in  the  eduction  pipe,  and  to  get 
rid  of  the  air  in  the  cylinder,  shut  the  steam  valve 
after  having  blown  through  the  engine  for  a  few 
minutes.  The  cold  water  round  the  condenser  will 
condense  some  of  the  steam  contained  in  the  eduction 
pipe,  and  its  place  will  be  supplied  by  some  of  the  air 
from  the  cylinder.  The  steam  valve  must  again  be 
opened  to  blow  out  that  air,  and  the  operation  is  to  be 
repeated  until  the  air  is  all  drawn  out  of  the  cylinder. 
When  that  is  the  case  shut  all  the  valves,  and  observe 
if  the  vacuum  gaug^  shows  a  vacuum  in  the  con- 
denser ;  when  there  is  a  vacuum  equivalent  to  three 
inches  of  mercury,  open  the  injection  a  very  little,  and 
shut  it  again  immediately ;  and  if  this  produces  any 
considerable  vacuum,  open  the  exhausting  valve  a 
very  little  way,  and  the  injection  at  the  same  time. 
If  the  engine  does  not  now  commence  its  motion,  it 
must  be  blown  through  again  until  it  moves.  If  the 
engine  be  lightly  loaded,  or  if  there  be  no  water  in 
the  pumps,  the  throttle  valve  must  be  kept  nearly 
dosed,  and  the  top  and  exhaustion  regulators  must  be 
opened  only  a  very  little  way,  else  the  engine  will 
make  its  stroke  with  violence,  and  perhaps  do  mis- 
chief.   If  there  is  much  unbalanced  weight  on  the 
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pump  end,  the  plug  which  opens  the  steam  valve  must 
be  so  regulated,  that  the  valve  will  only  be  opened 
very  slightly ;  and  if  after  a  few  strokes  it  is  found 
that  the  engine  goes  out  too  slowly,  the  valve  may 
be  then  so  adjusted  as  to  open  wider.  The  engine 
should  always  be  made  to  work  full  stroke,  that  is, 
until  the  catch  pins  be  made  to  come  within  half  an 
inch  of  the  springs  at  each  end,  and  the  piston  should 
stand  high  enough  in  the  cylinder  when  the  engine  is 
at  rest,  to  spill  over  into  the  perpendicular  steam  pipe 
any  water  which  may  be  condensed  above  it ;  for  if 
water  remain  upon  the  piston,  it  will  increase  the  con- 
sumption of  steam.  When  the  engine  is  to  be  stopped, 
shut  the  injection  valve  and  secure  it,  and  adjust  the 
tappets  so  as  to  prevent  the  exhausting  valve  from 
opening  and  to  allow  the  steam  valve  to  open  and 
remain  open,  otherwise  a  partial  vacuum  may  arise  in 
the  cylinder,  and  it  may  be  filled  with  water  from  the 
injection  or  from  leaks.  A  single  acting  engine,  when 
it  is  in  good  order,  ought  to  be  capable  of  going  as 
slow  as  one  stroke  in  ten  minutes,  and  as  fast  as  ten 
strokes  in  one  minute  ;  and  if  it  does  not  fulfil  these 
conditions,  there  is  some  fault  which  should  be  aacer* 
tained  and  remedied. 

427.  Q.  —  Your  explanation  has  reference  to  the 
pumping  engine  as  introduced  into  Cornwall  by  Watt: 
have  any  modifications  been  since  made  upon  it  ? 

A.  —  In  the  modern  Cornish  engines  the  steaiji  is 
used  very  expansively,  and  a  high  pressure  of  steam 
is  employed.  In  some  cases  a  double  cylinder  engine 
is  used,  in  which  the  steam,  after  having  given  motion 
to  a  small  piston  on  the  principle  of  a  high  pressure 
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engine,  passes  into  a  larger  cylindery  where  it  operates 
on  the  principle  of  a  condensing  engine ;  bnt  there  is 
no  superior  effect  gained  bj  the  use  of  two  cylinders) 
and  there  is  greater  complexity  in  the  apparatus*  In- 
stead of  the  lever  walls,  cast  iron  columns  are  now 
frequently  used  for  supporting  the  main  beam  in 
pumping  engines,  and  the  cylinder  end  of  the  main 
beam  is  generally  made  longer  than  the  pump  end  in 
engines  made  in  Cornwall,  so  as  to  enable  the  cylinder 
to  have  a  long  stroke,  and  the  piston  to  move  quickly, 
without  communicating  such  a  velocity  to  the  pump 
buckets  as  will  make  them  work  with  such  a  shock  as 
to  wear  themselves  out  quickly*  A  high  pressure  of 
steam,  too,  can  be  employed  where  the  stroke  is  long, 
without  involving  the  necessity  of  making  the  working 
parts  of  such  large  dimensions  as  would  otherwise  be 
necessary ;  for  the  strength  of  the  parts  of  a  single 
acting  engine  will  require  to  be  much  the  same,  what- 
ever the  length  of  the  stroke  may  be. 

428.  Q.  —  What  kind  of  pump  is  mostly  used  in 
draining  deep  mines  ? 

A. —  The  pump  now  universally  preferred  is  the 
plunger  pump,  which  admits  of  being  packed  or 
tightened  while  the  engine  is  at  work  ;  but  the  lowest 
lift  of  a  mine  is  generally  supplied  with  a  pump  on 
the  suction  principle,  both  with  the  view  of  enabling 
the  lowest  pipe  to  follow  the  water  with  facility  as 
the  shaft  is  sunk  deeper,  and  to  obviate  the  inconve- 
nience of  the  valves  of  the  pump  being  rendered  in- 
accessible by  any  flooding  in  the  mine.  The  pump 
valves  of  deep  mines  are  a  perpetual  source  of  expense 
and  trouble,  as  from  the  pressure  of  water  upon  them 
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it  IB  difficult  to  prevent  them  from  closing  with  vio- 
lence ;  and  many  expedients  have  been  contrived  to 
mitigate  the  evil,  of  which  the  valve  known  as  Harvey 
and  West's  valve  has  perhaps  gained  the  widest  ac- 
ceptation. 

429.  Q. — Will  you  describe  Harvey  and  Wests 
pump  valve? 

A,  —  This  valve  is  a  compromise  between  the  equi- 
librium valve,  of  the  kind  employed  for  admitting  the 
steam  to  and  from  the  cylinder  in  single  acting  en- 
gines^  and  the  common  spindle  valve  formerly  used 
for  that  purpose ;  and  to  comprehend  its  action,  it  is 
necessary  that  the  action  of  the  equilibrium  valve, 
which  has  been  already  represented  in^^.  27^  should 
first  be  understood.  This  valve  consists  substantially 
of  a  cylinder  open  at  both  ends,  and  capable  of  sliding 
upon  a  stationary  piston  fixed  upon  a  rod  the  length 
of  the  cylinder,  which  proceeds  from  the  centre  of  the 
orifice  the  valve  is  intended  to  close.  It  is  clear,  that 
when  the  cylinder  is  pressed  down  until  its  edge  rests 
upon  the  bottom  of  the  box  containing  it,  the  orifice 
of  the  pipe  must  be  closed,  as  the  steam  can  neither 
escape  past  the  edge  of  the  cylinder  nor  between  the 
cylinder  and  the  piston ;  and  it  is  equally  clear,  that 
as  the  pressure  upon  the  cylinder  is  equal  all  around 
it,  and  the  whole  of  the  downward  pressure  is  main- 
tained by  the  stationary  piston,  the  cylinder  can  be 
raised  or  lowered  without  any  further  exertion  of 
force  than  is  necessary  to  overcome  the  friction  of  the 
piston  and  of  the  rod  by  which  the  cylinder  is  raised. 
Instead  of  the  rubbing  surface  of  a  piston,  however,  a 
conical  valve  face  between  the  cylinder  and  piston  is 
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employed^  which  is  tight  only  when  the  cylinder  is  in 
its  lowest  position ;  and  there  is  a  similar  face  between 
the  edge  of  the  cylinder  and  the  bottom  of  the  box  in 
which  it  is  placed.  The  moving  part  of  the  valve, 
too,  instead  of  being  a  perfect  cylinder,  is  bulged 
outwards  in  the  middle,  so  as  to  permit  the  steam  to 
escape  past  the  stationary  piston  when  the  cylindrical 
part  of  the  valve  is  raised.  It  is  clear,  that  if  such  a 
valve  were  applied  to  a  pump,  no  pressure  of  water 
within  the  pump  would  suffice  to  open  it,  neither 
would  any  pressure  of.  water  above  the  valve  cause  it 
to  shut  with  violence ;  and  if  an  equilibrium  valve, 
therefore,  be  used  as  a  pump  valve  at  all,  it  must  be 
opened  and  shut  by  mechanical  means.  In  Harvey 
and  West's  valves,  however,  the  equilibrium  principle 
is  only  partially  adopted ;  the  lower  face  is  consider- 
ably  larger  in  diameter  than  the  upper  face,  and  the 
difference  constitutes  an  annulus  of  pressure,  which 
will  cause  the  valve  to  open  or  shut  with  the  same 
force  as  a  spindle  valve  of  the  area  of  the  annulus. 
To  deaden  the  shock  still  more  effectually,  the  lowei 
face  of  the  valve  is  made  to  strike  upon  end  wood 
driven  into  an  annular  recess  in  the  pump  bucket ; 
and  valves  thus  constructed  work  with  very  little 
noise  or  tremor ;  but  it  is  found  in  practice,  that  the 
use  of  Harvey  and  West's  valve,  or  any  contrivance 
of  a  similar  kind,  adds  materially  to  the  load  upon  the 
pump,  especially  in  low  lifts  where  the  addition  of  a 
load  to  the  valve  makes  a  material  addition  to  the 
total  resistance  which  the  engine  has  to  overcome. 
Instead  of  end  wood  driven  into  a  recess  for  the  valve 
to  strike  upon,  a  mixture  of  tin  And  Jead  cast  in  a 
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recess  is  now  frequently  used,  and  is  found  to  be  pre 
ferable  to  the  wood. 

430.  Q. — ^Is  there  any  other  kind  of  pump  valre 
which  is  free  from  the  shocks  incidental  to  the  work- 
ing of  common  valves  ? 

A. — ^In  some  cases  India  rubber  valves  are  used  for 
pumps,  with  the  effect  of  materially  mitigating  the 
shock ;  but  they  require  frequent  renewal,  and  are  of 
inferior  eligibility  in  their  action  to  the  slide  valve, 
which  might  in  many  cases  be  applied  to  pumps 
without  inconvenience. 

431.  Q.--Could  not  a  form  of  pump  be  devised 
capable  of  working  without  valves  at  all  ? 

A. — It  appears  probable,  that  by  working  a  common 
bucket-valve  pump  at  a  high  speed,  a  continuous  flow 
of  water  might  be  maintained  through  the  pipes  in 
such  a  way  as  to  render  the  existence  of  other  valves 
superfluous  after  once  the  action  was  begun;  the 
momentum  of  the  moving  water  acting  in  fact  as 
valves.  The  centrifugal  pump,  however,  threatens 
to  supersede  other  pumps  for  low  lifts ;  and  if  the 
centrifugal  pump  be  employed,  there  will  be  no  ne* 
cessity  for  pump  valves  at  all.  There  is  less  loss 
of  effect  by  the  centrifugal  pump  than  by  many 
common  pumps. 

482.  4— What  is  the  best  form  of  the  centrifugal 
pump? 

A. — ^Appold's  pump,  which  consists  of  a  number  of 
bent  blades  arranged  in  much  the  same  manner  as 
a  revolving  fan  for  air,  is  the  species  of  centrifugal 
pump  which  has  been  most  employed  for  irrigation, 
and  other  purposes  requiring  only  low  lifts.    For  high 
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lifts,  such  as  draining  deep  mines,  the  centrifugal 
pump  has  not  jet  been  employed ;  neither  has  Giffard's 
injector,  which  in  some  cases  appears  applicable. 
The  introduction  of  the  centrifugal  pump  would  ob- 
viously extinguish  the  single  acting  engine,  as  rotative 
engines  working  at  a  high  speed  would  be  the  most 
appropriate  form  of  engine  where  the  centrifugal 
pump  was  employed. 

433.  Q. — This  would  not  be  a  heavy  deprivation  ? 

A* — The  single  acting  engine  is  a  remnant  of  en- 
gineering barbarism  which  must  now  be  superseded 
by  more  compendious  contrivances.  The  Cornish 
engines,  though  rudely  manufactured,  are  very  expen- 
sive in  production,  as  a  large  engine  does  but  little 
work ;  whereas  by  employing  a  smaller  engine,  moving 
with  a  high  speed,  the  dimensions  may  be  so  far  dimi- 
nished that  tiie  most  refined  machinery  may  be  ob- 
tained at  less  than  the  present  cost. 

434.  Q. — Are  not  the  Cornish  engines  more  econo-* 
mical  in  fuel  than  other  engines  ? 

A, —  It  is  a  mistake  to  suppose  that  there  is  any 
peculiar  virtue  in  the  existing  form  of  Cornish  engine 
to  make  it  economical  in  fuel,  or  that  a  less  lethargic 
engine  would  necessarily  be  less  efficient.  The  large 
duty  of  the  engines  in  Cornwall  is  traceable  to  the 
large  employment  of  the  principle  of  expansion,  and 
to  a  few  other  causes  which  may  be  made  of  quite  as 
decisive  efficacy  in  smaller  engines  working  with  a 
qaicker  speed ;  and  there  is  therefore  no  argument  in 
the  performance  of  the  present  engines  against  the 
proposed  substitution. 


282  IfEBITS   OF  OSCILLATING  SaTQIKEB. 


▼ABIOUS  FOBMS  OF  UABINS  ENGINES. 

435.  Q. — What  species  of  paddle  engine  do  yot; 
consider  to  be  the  best  ? 

A, — ^The  oscillating  engine. 

436.  Q. —  Will  you  explain  the  grounds  of  that 
preference  ? 

A. — The  engine  occupies  little  space^  consists  of 
few  parts^  is  easily  accessible  for  repairs,  and  may  be 
both  light  and  strong  at  the  same  time.  In  the  case 
of  large  engines  the  crank  in  the  intermediate  shaft  is 
a  disadvantage,  as  it  is  difficult  to  obtain  such  a  forg- 
ing quite  sound.  But  by  forging  it  in  three  cranked 
flat  bars,  which  are  then  laid  together  and  welded  into  a 
square  shaft,  a  sound  forging  will  be  more  probable, 
and  the  bars  should  be  rounded  a  little  on  the  sides 
which  are  welded  to  allow  the  scoriao  to  escape  during 
that  operation.  It  is  important  in  so  large  a  forging 
not  to  let  the  fire  be  too  fierce,  else  the  surface  of  the 
iron  will  be  burnt  before  the  heart  is  brought  to  a 
welding  heat.  In  some  cases  in  oscillating  engines 
the  air  pump  has  been  wrought  by  an  eccentric,  and 
that  may  at  any  time  be  done  where  doubt  of  obtain- 
ing  a  sound  intermediate  shaft  is  entertained ;  but  the 
precaution  must  be  taken  to  make  the  eccentric  very 
wide  so  as  to  distribute  the  pressure  over  a  large  sur- 
face, else  the  eccentric  will  be  apt  to  heat. 

437.  Q. — Have  not  objections  been  brought  against 
the  oscillating  engine? 

A. — In  common  with  every  other  improvement, 
the  oscillating  engine,  at  the  time  of  its  introduction. 
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encountered  moch  opposition.  The  cylinder,  it  was 
said,  would  become  oval,  the  trunnion  bearings  would 
be  liable  to  heat  and  the  trunnion  joints  to  leak,  the 
strain  upon  the  trunnions  would  be  apt  to  bend  in  or 
bend  out  the  sides  of  the  cylinder ;  and  the  circum- 
stance of  the  cylinder  being  fixed  across  its  centre, 
while  the  shaft  requires  to  accommodate  itself  to  the 
working  of  the  ship,  might,  it  was  thought,  be  the 
occasion  of  such  a  strain  upon  the  trunnions  as  would 
either  break  them  or  bend  the  piston  rod.  It  is  a 
sufficient  reply  to  these  objections  to  say  that  they  are 
all  hypothetical,  and  that  none  of  them  in  practice 
have  been  found  to  exist — to  such  an  extent  at  least 
as  to  occasion  any  inconvenience ;  but  it  is  not  dif- 
ficult to  show  that  they  are  altogether  unsubstantial, 
even  without  a  recourse  to  the  disproofs  afforded  by 
experience. 

438.  Q. — Is  there  not  a  liability  in  the  cylinder  to 
become  oval  from  the  strain  thrown  on  it  by  the 
piston  ? 

A. — There  is,  no  doubt,  a  tendency  in  oscillating 
engines  for  the  cylinder  and  the  stuffing  box  to  become 
oval,  but  after  a  number  of  years'  wear  it  is  found  that 
the  amount  of  ellipticity  is  less  than  that  which  is  found 
to  exist  in  the  cylinders  of  side  lever  engines  after  a 
similar  triaL  The  resistance  opposed  by  friction  to 
the  oscillation  of  the  cylinder  is  so  small,  that  a  man 
is  capable  of  moving  a  large  cylinder  with  one  hand; 
wbereas  in  the  side  lever  engine,  if  the  parallel  mo- 
tion be  in  the  least  untrue,  which  is,  at  some  time  or 
other,  an  almost  inevitable  condition,  the  piston  is 
pushed  with  great  force  against  the  side  of  the  cy-» 
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lioJer,  whereby  a  large  amoant  of  wear  and  friction 
AS  occasioned.  The  trunnion  bearings,  instead  of 
being  liable  to  heat  like  other  journals^  are  kept  down 
to  the  temperature  of  the  steam  hj  the  flow  of  steam 
passing  through  them ;  and  the  trunnion  packings  are 
not  liable  to  leak  when  the  packings,  before  being  in- 
troduced, are  squeezed  in  a  cylindrical  mould. 

439.  Q. — Might  not  the  eduction  trunnions  be  im- 
mersed in  water  ? 

A, — In  some  cases  a  hollow,  or  lantern  brass,  about 
one-third  or  one-fourth  the  length  of  the  packing 
space,  and  supplied  with  steam  or  water  by  a  pipe^  is 
introduced  in  the  middle  of  the  packing,  so  that  if 
there  be  any  leakage  through  the  trunnion,  it  will  be 
a  leakage  of  steam  or  water,  which  will  not  vitiate 
the  vacuum ;  but  in  ordinary  cases  this  device  will 
not  be  necessary,  and  it  is  not  commonly  employed. 
It  b  clear  that  Uiere  can  be  no  buckling  of  the  sides 
of  the  cylinder  by  the  strain  upon  the  trunnions,  if 
the  cylinder  be  made  strong  enough,  and  in  cylinders 
of  the  ordinary  thickness  such  an  action  has  never 
been  experienced ;  nor  is  it  the  fact,  that  the  inter- 
mediate shaft  of  steam  vessels,  to  which  part  alone 
the  motion  is  communicated  by  the  engine,  requires 
to  adapt  itself  to  the  altering  forms  of  the  vessel,  as 
the  engine  and  intermediate  shaft  are  rigidly  con- 
nected, although  the  paddle  shaft  requires  to  be 
capable  of  such  an  adaptation.  Even  if  this  objection 
existed,  however,  it  could  easily  be  met  by  making 
the  crank  pin  of  the  ball  and  socket  fashion,  which 
would  permit  the  position  of  the  intermediate  shaft, 
relatively  with  that  of  the  cylinder,  to  be  slightly 
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changed,  without  throwing  an  undue  strain  upon  any 
of  the  working  parts. 

440.  Q. — Is  the  trunk  engine  inferior  to  the  osciU 
lating  ? 

A. — A  very  elegant  and  efficient  arrangement  of 
trunk  engine  suitable  for  paddle  vessels  has  latterly 
been  employed  by  Messrs.  Rennie,  of  which  all  the 
parts  resemble  those  of  Penn's  oscillating  engine 
except  that  the  cylinders  are  stationary  instead  of 
being  movable ;  and  a  round  trunk  or  pipe  set  upon 
the  piston,  and  moving  steam  tight  through  the 
cylinder  cover,  enables  the  connecting  rod  which  is 
fixed  to  the  piston  to  vibrate  within  it  to  the 
requisite  extent.  But  the  vice  of  all  trunk  engines  is 
that  they  are  necessarily  more  wasteful  of  steam,  as 
the  large  mass  of  metal  entering  into  the  composition 
of  the  trunk,  moving  as  it  does  alternately  into  the 
atmosphere  and  the  steam,  must  cool  and  condense  a 
part  of  the  steam.  The  radiation  of  heat  from  the 
interior  of  the  trunk  will  have  the  same  operation, 
though  in  vertical  trunk  engines  the  loss  from  this 
cause  might  probably  be  reduced  by  filling  the  trunk 
with  oil,  so  far  a^  this  could  be  done  without  the  oil 
being  spilt  over  the  edge. 

441.  Q. — What  species  of  screw  engine  do  you 
consider  the  best  ? 

A, — I  am  inclined  to  give  the  preference  to  a 
variety  of  the  horizontal  steeple  engine,  such  as  was 
first  used  in  H.  M.  S.  Amphion.  In  this  engine  the 
cylinders  lie  on  their  sides,  and  they  are  placed  near 
the  side  of  the  vessel  with  their  mouths  pointing  to 
the  keel.    From  each  cylinder  two  long  piston  rods 
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proceed  across  the  vessel  to  a  cross  head  working  in 
guides;  and  from  this  cross  head  a  connecting  rod 
returns  back  to  the  centre  of  the  vessel  and  gives 
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motion  to  the  crank.  The  piston  rods  are  placed  in 
the  piston,  as  shown  in^.  35.,  and  one  of  them  passes 
above  the  crank  shaft,  and  the  other  below  the  crank 
shaft.  The  cross  head  lies  in  the  same  horisontal 
plane  as  the  centre  of  the  cylinder,  and  a  lug  projects 
upwards  from  fhe  cross  head  to  engage  one  piston 
rod,  and  downwards  from  the  cross  head  to  engage 
the  other  piston  rod.  The  air  pnmp  is  double  acting, 
and  its  piston  or  bucket  has  the  same  stroke  as  the 
piston  of  the  engine.  The  air  pump  bucket  derives 
its  motion  from  an  arm  on  the  cross  head,  and  a 
similar  arm  is  usually  employed  in  engines  of  this  class 
to  work  the  feed  and  bilge  pumps. 

442.  Q.  —  Is  not  inconvenience  experienced  in 
direct  acting  screw  engines  from  the  great  velocity  of 
their  motion  ? 

A. — Not  if  they  are  properly  constructed ;  but  they 
require  to  be  much  stronger,  to  be  fitted  with  more 
care,  and  to  have  the  bearing  surfaces  much  larger 
than  is  necessary  in  engines  moving  slowly.  The 
momentum  of  the  reciprocating  parts  should  also  be 
balanced  by  a  weight  applied  to  the  crank  or  crank 
shaft,  as  is  done  in  locomotives.  A  very  convenient 
arrangement  for  obtaining  surface  is  to  form  the  crank 
of  each  engine  of  two  cast  iron  discs  cast  with  heavy 
sides^  the  excess  of  weight  upon  the  heavy  sides  being 
nearly  equal  to  that  of  the  piston  and  its  connections. 
When  the  piston  is  travelling  in  one  direction  the 
weights  are  travelling  in  the  opposite ;  and  the  mo- 
mentum of  the  piston  and  its  attachments,  which  is 
arrested  at  each  reciprocation,  is  just  balanced  by  the 
equal  and  opposite  momentum  of  the  weights.    One 
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advantage  of  the  horizontal  engine  is,  that  a  angle 
engine  may  be  employed,  whereby  greater  simplicity 
of  the  machinery  and  greater  economy  of  fnel  will  be 
obtained,  since  there  will  be  less  radiating  surface  in 
one  cylinder  than  in  two. 

CYLINDERS,  PISTONS,  AND  VALVES. 

443.  Q, — Is  it  a  beneficial  practice  to  make  cylin- 
ders  with  steam  jackets  ? 

A,  —  In  Cornwall,  where  great  attention  is  paid  to 
economy  of  fuel,  all  the  engines  are  made  with  steam 
jackets,  and  in  some  cases  a  fine  winds  spirally  round 
the  cylinder,  for  keeping  the  steam  hot.  Mr.  Watt  in 
his  early  practice  discarded  the  steam  jacket  for  a  time, 
but  resumed  it  again,  as  he  found  its  discontinuance 
occasioned  a  perceptible  waste  of  fuel ;  and  in  modern 
engines  it  has  been  found  that  where  a  jacket  is  used 
less  coal  is  consumed  than  where  the  use  of  a  jacket  is 
rejected.  The  cause  of  this  at  one  time  was  not  of 
very  easy  perception,  for  the  jacket  exposes  a  larger 
radiating  surface  for  the  escape  of  the  heat  than  the 
cylinder ;  but  since  Joule's  researches  the  result  ia 
known  to  be  consequent  on  the  superior  economy  of 
high  temperatures  in  the  production  of  power. 
The  exterior  of  the  cylinder,  or  jacket,  should  be 
covered  with  several  plies  of  felt,  and  then  be  cased 
in  timber,  which  must  be  very  narrow,  the  boards 
being  first  dried  in  a  stove,  and  then  bound  round 
the  cylinder  with  hoops,  like  the  staves  of  a  cask. 
In  many  of  the  Cornish  engines  the  steam  is  let  into 
casings  formed  in  the  cylinder  cover  and  cylinder 
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bottom,  for  the  further  economisation  of  the  heat,  and 
the  cylinder  stuffing  box  is  made  yerj  deep,  and  a 
lantern  or  hollow  brass  is  introduced  into  the  centre 
of  the  packing,  into  which  brass  the  steam  gains  ad- 
mission bj  a  pipe  provided  for  the  purpose  ;  so  that 
in  the  event  of  the  packing  becoming  leakj,  it  will 
be  steam  that  will  be  leaked  into  the  cylinder  in* 
stead  of  air,  which,  being  incondensable,  would  impair 
the  efficiency  of  the  engine.  A  lantern  brass,  of  a 
similar  kind,  is  sometimes  introduced  into  the  stuffing 
boxes  of  oscillating  engines,  but  its  use  there  is  to 
receive  the  lateral  pressure  of  the  piston  rod,  and  thus 
take  any  strain  off  the  packing. 

444.  Q.  —  Will  you  explain  the  proper  course  to 
pursue  in  the  production  of  cylinders  ? 

A.  —  In  all  engines  the  valve  casing,  if  made  in  a 
separate  piece  from  the  cylinder,  should  be  attached 
by  means  of  a  metallic  joint,  as  such  a  barbarism  as  a 
rust  joint  in  such  situations  is  no  longer  permissible. 
In  the  case  of  large  engines  with  valve  casings  suitable 
for  long  slides,  an  expansion  joint  in  the  valve  casing 
should  invariably  be  inserted,  otherwise  the  steam, 
by  gaining  admission  to  the  valve  casing  before  it  can 
enter  the  cylinder,  expands  the  casing  while  the 
cylinder  remains  unaltered  in  its  dimensions,  and  the 
joints  are  damaged,  and  in  some  cases  the  cylinder  is 
cracked  by  the  great  strain  thus  introduced.  The 
chest  of  the  blow-through  valve  is  very  commonly 
cast  upon  the  valve  casing ;  and  in  engines  where  the 
cylinders  are  stationary  this  is  the  most  convenient 
practice.  All  engines,  where  the  valve  is  not  of  such 
a  construction  as  to  leave  the  face  when  a  pressure 
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exceeding  that  of  the  steam  is  created  in  the  cylinder 
by  priming  or  otherwise,  should  be  provided  with  an 
escape  valve  to  let  out  the  water,  and  such  valve 
shoidd  be  so  constructed  that  the  water  cannot  fljout 
with  violence  over  the  attendants ;  but  it  should  be 
conducted  away  by  a  suitable  pipe,  to  a  place  where 
its  discharge  can  occasion  no  inconvenience.  The 
stu^ng  boxes  of  all  engines  which  cannot  be  stoppeil 
frequently  to  be  repacked,  should  be  made  very  deep: 
metallic  packing  in  the  stuffing  box  has  been  used  in 
some  engines,  consisting  in  most  instances  of  one  or 
more  rings,  cut,  sprung,  and  slipped  upon  the  piston 
rod  before  the  cross  head  is  put  on,  and  packed  with 
hemp  behind.  This  species  of  packing  answers  very 
well  when  the  parallel  motion  is  true,  and  the  piston 
rod  free  from  scratches,  and  it  accomplishes  a  material 
saving  of  tallow.  In  some  cases  a  piece  of  sheet  biases 
packed  behind  with  hemp,  has  been  introduced  wiili 
good  effect,  a  flange  being  turned  over  on  the  under 
edge  of  the  brass  to  prevent  it  from  slipping  up  or 
down  with  the  motion  of  the  rod.  The  sheet  brass 
speedily  puts  an  excellent  polish  upon  the  rod,  and 
such  a  packing  is  more  'easily  kept,  and  requires  less 
tallow  than  where  hemp  alone  is  employed.  In  side 
lever  marine  engines  the  attachments  of  the  cylinder 
to  the  diagonal  stay  are  generally  made  of  too  small 
an  area,  and  the  flanges  are  made  too  thick.  A  very 
thick  flange  cast  on  any  part  of  a  cylinder  endangers 
the  soundness  of  the  cylinder,  by  inducing  an  unequal 
contraction  of  the  metal ;  and  it  is  a  preferable  course 
to  make  the  flange  for  the  attachment  or  the  framing 
thin,  and  the  surface  large — the  bolts  beiiig  turned 
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bolts  and  nicely  fitted.  If  from  malformation  in  this 
part  the  framing  works  to  an  inconvenient  extent,  the 
best  expedient  appears  to  be  the  introduction  of  a 
nnmber  of  steel  tapered  bolts,  the  holes  having  been 
preyiously  bored  out;  and  if  the  flanges  be  thick 
enough,  square  keys  may  also  be  introduced,  half  into 
one  flange  and  half  into  the  other,  so  as  to  receive  the 
strain.  If  the  jaw  cracks  or  breaks  away,  however, 
it  will  be  best  to  apply  a  malleable  iron  hoop  round 
the  cylinder  to  take  the  strain,  and  this  will  in  all 
cases  be  the  preferable  expedient,  where  from  any 
peculiarities  of  structure  there  is  a  difficulty  in  intro- 
ducing bolts  and  keys  of  sufficient  strength. 

445.  Q. — Which  is  the  most  eligible  species  of 
piston  ? 

A,  —  For  large  engines,  pistons  with  a  metallic 
packing,  consisting  of  a  single  ring,  with  the  end« 
morticed  into  one  another,  and  a  piece  of  metal  let  in 
flush  over  the  joint  and  riveted  to  one  end  of  the  ring, 
appears  to  be  the  best  species  of  piston ;  and  if  the 
cylinder  be  oscillating,  it  will  be  expedient  to  chamfer 
off  the  upper  edge  of  the  ring  on  the  inner  side,  and 
to  pack  it  at  the  back  with  hemp.  If  the  cylinder  be 
a  stationary  one,  springs  may  be  substituted  for  the 
hemp  packing,  but  in  any  case  it  will  be  expedient  to 
make  the  vertical  joints  of  the  ends  of  the  ring  run  a 
little  obliquely,  so  as  to  prevent  the  joint  forming  a 
ridge  in  the  cylinder.  For  small  pistons  two  rings 
may  be  employed,  made  somewhat  eccentric  internally 
to  give  a  greater  thickness  of  metal  in  the  centre  of 
the  ring :  these  rings  must  be  set  one  above  the  other 
in  the  cylinder,  and  the  joints^  which  are  oblique, 
u  a 
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must  be  set  at  right  angles  with  one  another,  so  as  to 
obviate  any  disposition  of  the  rings,  in  their  expan- 
sion^ to  wear  the  cylinder  oyaL  The  rings  must  first 
be  turned  a  little  larger  than  the  diameter  of  the 
cylinder,  and  a  piece  is  then  to  be  cut  out,  so  that  when 
the  ends  are  brought  together  the  ring  will  just  enter 
within  the  cylinder.  The  ring,  while  retained  in  a 
state  of  compression,  is  then  to  be  put  in  the  lathe  and 
turned  very  truly,  and  finally  it  is  to  be  hammered  on 
the  inside  with  the  small  end  of  the  hammer,  to  expand 
the  metal,  and  thus  increase  the  elasticity. 

446.  Q.  — The  rings  should  be  carefully  fitted  to 
one  another  laterally  ? 

A,  —  The  rings  are  to  be  fitted  laterally  to  the 
piston,  and  to  one  another,  by  scraping  —  a  steady  pin 
being  fixed  upon  the  fiange  of  the  piston,  and  fitdng 
into  a  corresponding  hole  in  the  lower  ring,  to  keep 
the  lower  ring  from  turning  round ;  and  a  similar  pin 
being  fixed  into  the  top  edge  of  the  lower  ring  to 
prevent  the  upper  ring  from  turning  round ;  but  the 
holes  into  which  these  pins  fit  must  be  made  oblong, 
to  enable  the  rings  to  press  outward  as  the  rubbing 
surfaces  wear.  In  most  cases  it  will  be  expedient  to 
press  the  packing  rings  out  with  springs  where  they 
are  not  packed  behind  with  hemp,  and  the  springs 
should  be  made  very  strong,  as  the  prevailing  fault  of 
springs  is  their  weakness.  Sometimes  short  bent 
springs,  set  round  at  regular  intervals  between  the 
packing  rings  and  body  of  the  piston,  are  employed, 
the  centre  of  each  spring  being  secured  by  a  steady 
pin  or  bolt  screwed  into  the  side  of  the  piston ;  but  it 
will  not  signify  much  what  kind  of  springs  is  used. 
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provided  tliej  have  sufficient  tension.  When  pistons 
are  made  of  a  single  ring,  or  of  a  succession  of  single 
rings,  the  strength  of  each  ring  should  be  tested  pre- 
viouslj  to  its  introduction  into  the  piston,  by  means  of 
a  lever  loaded  by  a  heavy  weight 

447.  Q.  —  What  kind  of  piston  is  employed  by 
Messrs.  Penn  ? 

A* — Messrs.  Penn's  piston  for  oscillating  engines 
has  a  single  packing  ring,  with  a  tongue  piece,  or 
mortice  end,  made  in  the  manner  already  prescribed. 
The  ring  is  packed  behind  with  hemp  packing,  and 
the  piece  of  metal  which  covers  the  joint  is  a  piece  of 
thick  sheet  copper  or  brass,  and  is  indented  into  the 
iron  of  the  ring,  so  as  to  offer  no  obstruction  to  the 
application  of  tiie  hemp.  The  ring  is  fitted  to  the 
piston  only  on  the  under  edge :  the  top  edge  is  rounded 
to  a  point  from  the  inside,  and  the  junk  ring  does  not 
bear  upon  it,  but  the  junk  ring  squeezes  down  the 
hemp  packing  between  the  packing  ring  and  the  body 
of  the  piston. 

448.  Q.  —  How  should  the  piston  rod  be  secured  to 
the  piston  ? 

A, — The  piston  rod,  where  it  fits  into  the  piston, 
should  have  a  good  deal  of  taper ;  for  if  the  taper  be 
too  small  the  rod  will  be  drawn  through  the  hole,  and 
the  piston  will  be  split  asunder.  Small  grooves  are 
sometimes  turned  out  of  the  piston  rod  above  and 
below  the  cutter  hole,  and  hemp  ia  introduced  in  order 
to  make  the  piston  eye  tight.  Most  piston  rods  are 
fixed  to  the  piston  by  means  of  a  gib  and  cutter,  but 
in  some  cases  the  upper  portion  of  the  rod  within  the 
eye  is  screwed,  and  it  is  fixed  into  the  piston  by  means 
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of  an  indented  nut.  This  nut  is  in  some  oises 
hexagonal,  and  in  other  cases  the  exterior  forms  a 
portion  of  a  cone  which  completely  fills  a  correspond- 
ing recess  in  the  piston  ;  but  nuts  made  in  this  waj 
become  rusted  into  their  seat  after  some  time,  and 
cannot  be  started  again  without  much  difficulty. 
Messrs.  Bavenhill,  Salkeld,  and  Co.  fix  in  their  piston 
rods  by  means  of  an  indented  hexagonal  nut,  which 
may  be  started  by  means  of  an  open  box  key.  The 
thread  of  the  screw  is  made  flat  upon  the  one  side  and 
much  slanted  on  the  other,  whereby  a  greater  strength 
is  secured,  without  creating  any  disposition  to  split  the 
nut.  In  side  lever  engines  it  is  a  judicious  practice 
to  add  a  nut  to  the  top  of  the  piston  rod,  in  addition 
to  the  cutter  for  securing  the  piston  rod  to  the  cross 
head.  In  a  good  example  of  an  engine  thus  provided, 
the  piston  rod  is  7  in.  in  diameter,  and  the  screw  5  in.; 
the  part  of  the  rod  which  fits  into  the  cross  head  eye 
is  1  ft.  5^  in.  long,  and  tapers  from  6^  in.  to  6||in. 
diameter.  This  proportion  of  taper  is  a  good  one :  if 
the  taper  be  less,  or  if  a  portion  of  the  piston  rod 
within  the  cross  head  eye  be  left  untapered,  as  is 
sometimes  the  case,  it  is  very  difficult  to  detach  the 
parts  from  one  another. 

449.   Q. — Which  is  the  most  beneficial  construction 
of  slide  valve  ? 

A The  best  construction  of  slide  valve  appears 

to  be  that  adopted  by  Messrs.  Penn  for  their  larger 
engines,  and  which  consists  of  a  three  ported  valve, 
to  the  back  of  which  a  ring  is  applied  of  an  area 
equal  to  that  of  exhaustion  port,  and  which,  by 
bearing  steam  tight  against  the  back  of  the  ctLsiaf^,  so 
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that  a  vacuum  maj  be  maintained  within  the  ring, 
puts  the  valve  in  equilibrium,  so  that  it  maj  be 
moved  with  an  inconsiderable  exercise  of  force.  The 
back  of  the  valve  casing  is  put  on  like  a  door,  and  its 
internal  surface  is  made  very  true  by  scraping. 
There  is  a  hole  through  the  vidve  so  as  to  conduct 
away  any  steam  which  may  enter  within  the  ring  by 
leakage,  and  the  ring  is  kept  tight  against  the  back 
of  the  casing  by  means  of  a  ring  situated  beneath  the 
bearing  ring,  provided  with  four  lugs,  through  which 
bolts  pass  tapped  into  bosses  on  the  back  of  the  valve ; 
and,  by  unscrewing  these  bolts, — which  may  be  done 
by  means  of  a  box  key  which  passes  through  holes  in 
the  casing  closed  with  screwed  plugs,  —  the  lower 
ring  is  raised  upwards,  carrying  the  bearing  ring 
before  it.  The  rings  must  obviously  be  fitted  over  a 
boss  upon  the  back  of  the  valve ;  and  between  the 
rings,  which  are  of  brass,  a  gasket  ring  is  interposed 
to  compensate  by  its  compressibility  for  any  irregu- 
larity of  pressure,  and  each  of  the  bolts  is  provided 
with  a  ratchet  collar  to  prevent  it  from  turning  back, 
so  that  the  engineer,  in  tightening  these  bolts,  will 
have  no  difficulty  in  tightening  them  equally,  if  he 
counts  the  number  of  clicks  made  by  the  ratchet. 
"Where  this  species  of  valve  is  used,  it  is  indispensable 
that  large  escape  valves  be  applied  to  the  cylinder,  as 
a  valve  on  this  construction  is  unable  to  leave  the 
face.  In  locomotive  engines,  the  valve  universally 
employed  is  the  common  three  ported  valve. 

450.   Q.  —  Might  not  an  equilibrium  slide  valve  be 
so  constructed  by  the  interposition  of  springs,  as  to 
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enable  it  to  leave  the  cylinder  face  when  an  intenial 
force  is  applied  ? 

A.  —  That  can  no  doubt  be  done,  and  in  Bome 
engines  has  been  done.  In  the  screw  steamer  Azof, 
the  valye  is  of  the  equilibrium  construction,  but  the 
plate  which  carries  the  packing  on  which  the  top 
ring  rests,  is  an  octagon,  and  fits  into  an  octagoDal 
recess  on  the  back  of  the  valve.  Below  each  side  of 
the  octagon  there  is  a  bent  flat  spring,  which  lifts  up 
the  octagonal  plate,  and  with  it  the  packing  ring 
against  the  back  of  the  valve  casing  ;  and  should 
water  get  into  the  cylinder,  it  escapes  by  lifting  the 
valve,  which  is  rendered  possible  by  the  compres- 
sibility of  the  springs.  An  equivalent  arrangement 
is  shown  in  Jigs.  36.  and  37.,  where  the  ring  is  lifted 
by  spiral  springs. 


/^.as. 
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Longttudinal  Section.  Scale  f  inch  b  1  foot 

451.  Q.  —  What  species  of  valve  is  that  shown  in 
figs.  86.  and  87.  ? 

A,  —  It  is  an  equilibrium  gridiron  valve;  so  called 
because  it  lets  tlie  steam  in  and  out  by  more  than  one 
port.    A  A  are  the  ordinary  steam  passages  to  the  top 
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Equiubmium  Gudibon  Sudb  Yalvb. 
Sack  View  with  Ring  remo?ed.  Scale  |  inch  ■ 
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and  bottom  of  the  cylinder ;  b  b  is  the  ring  which 
rabs  against  the  back  of  the  valve  casing,  and  d  is 
the  eduction  passage,  s  s  s  s  shows  the  limits  of  the 
steam  space,  for  the  steam  penetrates  to  the  central 
chamber  s  s  by  the  sides  of  the  valve.  When  the 
valve  is  opened  upon  the  steam  side,  the  cylinder 
receives  steam  through  both  ports  at  that  end  of  the 
cylinder,  and  both  ports  at  the  other  end  of  the 
cylinder  are  at  the  same  time  open  to  the  eduction. 
The  benefit  of  this  species  of  valve  is,  that  it  gives 
the  same  opening  of  the  valve  that  is  given  in 
ordinary  engines,  with  half  the  amount  of  travel ;  or 
if  three  ports  were  made  instead  of  two,  then  it 
would  give  the  same  area  of  opening  that  is  given  in 
common  engines  with  one-third  the  amount  of  travel. 
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For  direct  acting  screw  engines  this  species  of  valve 
is  now  extensively  ased. 

452.  Q.-^  Will  jou  describe  the  configuration  and 
mode  of  attachment  of  the  eccentric  bj  which  the 
valve  is  moved  ? 

A,  —  In  marine  engines,  whether  paddle  or  screw, 
if  moving  at  a  slow  rate  of  speed,  the  eccentric  is 
generally  loose  upon  the  shaft,  for  the  purpose  of 
backing,  and  is  furnished  with  a  back  balance  and 
catches,  so  that  it  may  stand  either  in  the  position 
for  going  ahead,  or  in  that  for  going  astern.  The 
body  of  the  eccentric  is  of  cast  iron,  and  it  is  put  on 
the  shaft  in  two  pieces.  The  halves  are  put  together 
with  rebated  joints  to  keep  them  from  separating 
laterally,  and  they  are  prevented  from  sliding  out  by 
round  steel  pins,  each  ground  into  both  halves: 
square  keys  would  probably  be  preferable  to  round 
pins  in  this  arrangement,  as  the  pins  tend  to  wedge 
the  jaws  of  the  eccentric  asunder.  In  some  cases  the 
halves  of  the  eccentric  are  bolted  together  by  means 
of  flanges,  which  is,  perhaps,  the  preferable  practice. 
The  eccentric  hoop  in  marine  and  land  engines  is 
generally  of  brass  :  it  is  expedient  to  cast  an  oil  cup 
on  the  eccentric  hoop,  and,  where  practicable,  a  pan 
should  be  placed  beneath  the  eccentric  for  the  recep- 
tion of  the  oil  droppings.  The  notch  of  the  eccentric 
rod  for  the  reception  of  the  pin  of  the  valve  shaft  is 
usually  steeled,  to  prevent  inconvenient  wear;  for 
when  the  sides  of  the  notch  wear,  the  valve  move- 
ment is  not  only  disturbed,  but  it  is  very  difficult  to 
throw  the  eccentric  rod  out  of  gear.  It  is  found  to 
be  preferable,  however,  to  fit  this  notch  with  a  brass 
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bushy  for  the  wear  is  then  less  rapid,  and  it  is  an  easy 
thing  to  replace  this  bush  with  another  when  it 
becomes  worn.  The  eccentric  catches  of  the  kind 
usually  employed  in  marine  engines,  sometimes  break 
off  at  the  first  bolt  hole,  and  it  is  preferable  to  have  a 
bolt  in  advance  of  the  catch  face,  or  to  have  a  hoop 
encircling  the  shaft  with  the  catches  welded  on  it,  the 
hoop  itself  being  fixed  by  bolts  or  a  key.  This  hoop 
may  either  be  put  on  before  the  cranks  in  one  piece 
or  afterwards  in  two  pieces. 

453.  Q. — Are  such  eccentrics  used  in  direct  acting 
screw  engines  ? 

A. — No;  direct  acting  screw  engines  are  usually 
fitted  with  the  link  motion  and  two  fixed  eccentrics 

AIB  PUMP  AND  CONDENSER. 

4o4.  Q — ^What  are  the  details  of  the  air  pump  ? 

A.  —  The  air  pump  bucket  and  valves  are  all  of 
brass  in  modern  marine  engines,  and  the  chamber 
of  the  pump  is  lined  with  copper,  or  made  wholly  of 
brass,  whereby  a  single  boring  suffices.  When  a 
copper  lining  is  used,  the  pump  is  first  bored  out,  and 
a  bent  sheet  of  copper  is  introduced,  which  is  made 
accurately  to  fill  the  place,  by  hammering  the  copper 
on  the  inside.  Air  pump  rods  of  Muntz's  metal  or 
copper  are  much  used.  Iron  rods  covered  with  brass 
are  generally  wasted  away  where  the  bottom  cone  fits 
into  the  bucket  eye,  and  if  the  casing  be  at  all  porous 
the  water  will  insinuate  itself  between  the  casing  and 
the  rod  and  eat  away  the  iron.  If  iron  rods  covered 
with  brass  be  used,  the  brass  casing  should  come  some 
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distance  into  the  backet  eye  ;  the  cutter  should  be  of 
brass,  and  a  brass  washer  should  cover  the  under  side 
of  the  eje,  so  as  to  defend  the  end  of  the  rod  from 
the  salt  water.  Bods  of  Muntz's  metal  are  probablj 
on  the  whole  to  be  preferred.  It  is  a  good  practice 
to  put  a  nut  on  the  top  of  the  rod^  to  secure  it  more 
tirmlj  in  the  cross  head  eye,  where  that  plan  can  be 
conveniently  adopted.  The  part  of  the  rod  which  fits 
into  the  cross  head  eye  should  have  more  taper  when 
made  of  copper  or  brass*  than  when  made  of  iron ;  as, 
if  the  taper  be  small,  the  rod  may  get  staved  into  the 
eye,  whereby  its  detachment  will  be  difficult 

455.  Q.>^What  species  of  packing  is  used  in  air 
pumps  ? 

A.  —  Metallic  packing  has  in  some  instances  been 
employed  in  air  pump  buckets,  but  its  success  has  not 
been  such  as  to  lead  to  its  further  adoption.  The 
packing  commonly  employed  Is  hemp.  A  deep  solid 
block  of  metal,  however,  without  any  packing,  is  oflen 
employed  with  a  satisfactory  result ;  but  this  block 
should  have  circular  grooves  cut  round  its  edge  to 
hold  water.  Where  ordinary  packing  is  employed, 
the  bucket  should  always  be  made  with  a  junk  ring, 
whereby  the  packing  may  be  easily  screwed  down  at 
any  time  with  facility.  In  slow  moving  engines  the 
bucket  valve  is  generally  of  the  spindle  or  pot-lid 
kind,  but  butterfly  valves  are  sometimes  used.  The 
foot  and  delivery  valves  are  for  the  most  part  of  the 
flap  or  hanging  kind.  These  valves  all  make  a  con- 
siderable noise  in  working,  and  are  objectionable  in 
many  ways.  Valves  on  Belidor's  construction,  which 
is  in  eflect  that  of  a  throttle  valve  hung  off  the  centre, 
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were  some  years  ago  proposed  for  the  delivery  and 
foot  valves ;  and  it  appears  probable  that  their  opera- 
tion would  be  more  satisfactory  than  that  of  the  valves 
asnally  employed. 

456.  Q.  —  Where  is  the  delivery  valve  usually 
situated  ? 

A.  —  Some  delivery  valve  seats  are  bolted  into  the 
mouth  of  the  air  pump,  whereby  access  to  the  pump 
bucket  is  rendered  difficult :  but  more  commonly  the 
delivery  valve  is  a  flap  valye  exterior  to  the  pump. 
If  delivery  valve  seats  be  put  in  the  mouth  of  the  air 
pump  at  all^  the  best  mode  of  fixing  them  appears  to 
be  itxAt  adopted  by  Messrs.  Maudslay.  The  top  of 
the  pump  barrel  is  made  quite  fair  across,  and  upon 
this  flat  surface  a  plate  containing  the  delivery  valve 
is  set,  there  being  a  small  ledge  all  round  to  keep  it 
steady.  Between  the  bottom  of  the  stuffing  box  of 
the  pump  cover  and  the  eye  of  the  valve  seat  a  short 
pipe  extends  encircling  the  pump  rod,  its  lower  end 
checked  into  the  eye  of  the  valve  seat,  and  its  upper 
end  widening  out  to  form  the  bottom  of  the  stuffing 
box  of  the  pump  cover.  Upon  the  top  of  this  pipe 
some  screws  press,  which  are  accessible  from  the  top 
of  the  stuffing  box  gland,  and  the  packing  also  aids  in 
keeping  down  the  pipe,  the  function  of  which  is  to 
retain  the  valve  seat  in  its  place.  When  the  pimip 
bucket  has  to  be  examined  'the  valve  seat  may  be 
slung  with  the  cover,  so  as  to  come  up  with  the  same 
purchase.  For  the  bucket  valves  of  such  pumps 
Messrs.  Maudslay  employ  two  or  more  concentric 
ring  valves  with  a  small  lift.  These  valves  have 
given  a  good  deal  of  trouble  in  some  cases,  in  conse- 


302 


TRUNK  AIB  PUMPS. 


quence  of  the  frequent  fracture  of  the  bolts  which 
guide  and  confine  the  rings ;  but  this  is  only  a  fault 
of  detail  which  is  easily  remedied,  and  the  principle 
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appears  to  be  superior  to  that  of  any  of  the  other 
metallic  air  pump  valves  at  present  in  common  use. 

457.  Q.  —  Are  not  air  pump  valves  now  very 
generally  made  of  India  rubber  ? 

A. — They  are  almost  invariably  so  made  if  the 
engines  are  travelling  fast^  as  in  the  case  of  direct 
acting  screw  engines,  and  they  are  very  often  made  of 
large  discs  or  rings  of  india  rubber,  even  when  the 
engines  travel  slowly.  A  very  usual  and  eligible 
arrangement  for  many  purposes  is  that  shown  in 
Jig,  38.,  where  both  foot  and  delivery  valves  are  situ- 
ated in  the  ends  of  the  pump,  and  they,  as  well  as  the 
valve  in  the  bucket,  are  made  of  india  rubber  rings 
closing  on  a  grating.  The  trunk  in  the  air  pump 
enables  guide  rods  to  be  dispensed  with. 

458.  Q.  —  The  air  pump,  when  double  acting,  has 
of  course  inlet  and  outlet  valves  at  each  end  ? 

A.  —  Yes ;  and  the  general  arrangement  of  the 
valves  of  double  acting  air  pumps,  such  as  are  usual 
in  direct  acting  screw  engines,  is  that  represented  in 
the  figure  of  Penn's  trunk  engine  already  described 
in  Chapter  I.  Each  inlet  and  outlet  valve  consists  of 
a  number  of  india  rubber  discs  set  over  a  perforated 
brass  plate,  and  each  disc  is  bound  down  by  a  bolt  in 
the  middle,  which  bolt  also  secures  a  brass  guard  set 
above  the  disc  to  prevent  it  from  rising  too  high.  The 
usual  configuration  of  those  valves  is  that  represented 
in  Jigs.  39,  40,  and  41.  ;  ^s.  39.  and  40.  being  a 
section  and  ground  plan  of  the  species  of  valve  used 
by  Messrs.  Penn,  and  ^^.41.  being  a  section  of  that 
used  by  Messrs.  Maudslay.  It  is  important  in  these 
valves  to  have  the  india  rubber  thick,  —  say  about  an 
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eight  inches  in  dia- 
meter. It  is  also  ad- 
visable to  make  the 
central  bolts  with  a 
not  above  and  a  nut 
below,  and  to  form 
the  bolt  with  a  coun- 
tersunk neck,  so  that 
it  will  not  fall  down 
when  the  top  nut  is 
removed.  The  lower 
point  of  the  bolt 
should  be  riveted  over 
on  the  nut  to  prevent 
it  from  unscrewing, 
and  the  top  end  should 
have  a  split  pin 
through  the  point  for 
the  same  purpose. 
The  hole  through 
which  the  bolt  passes 
should  be  tapped, 
though  the  bolt  is  not 
screwed  into  it»  so 
that  if  a  bolt  breaks  a 
temporary  stud  may 
be  screwed  into  the 
hole  without  the  ne- 
cessity of  taking  out 
the  whole  plate.  The  guard  should  be  large,  else  tho 
disc  may  stretch  in  the  central  hole  until  it  cornea 
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over  it ;  but  tbe  guard  should  not  permit  too  much 
lift  of  the  valve,  else  a  good  deal  of  the  water  and  air 
will  return  into  the  pump  at  the  return  stroke  before 
the  valve  shuts.  Penn's  guard  is  rather  small,  and 
Maudslay's  permits  too  much  lift. 

459.  Q. —  What  is  the  proper  area  through  the 
valve  gratings  ? 

A. — The  collective  area  should  be  at  least  equal  to 
the  area  of  the  pump  piston,  and  the  lower  edges  of 
the  perforations  should  be  rounded  off  to  afford  more 
free  ingress  or  egress  to  the  water. 

460.  Q.-^Ib  there  much  strain  thrown  on  the 
plates  in  which  the  valves  are  set  ? 

A.  —  A  good  deal  of  strain;  and  in  the  earlier 
direct  acting  screw  engines  these  plates  were  nearly 
in  every  case  made  too  light.  They  should  be  made 
thick,  have  strong  feathers  upon  them,  and  be  very 
securely  bolted  down  with  ^Ut  pins  at  the  points  of 
the  bolts,  to  prevent  them  from  unscrewing.  The 
plate  will  be  very  apt  to  be  broken  should  some  of  the 
bolts  become  loose.  Of  course  all  the  bolts  and  split 
pins,  as  well  as  the  plates  and  guards,  must  be  of 
brass. 

461.  Q.  —  How  are  the  plates  to  be  taken  out 
should  that  become  necessary  ? 

A.  — >-  They  are  usually  taken  out  through  a  door  in 
the  top  of  the  hot  well  provided  for  that  purpose, 
which  door  should  be  as  large  as  the  plates  them- 
selves ;  and  it  is  a  good  precaution  to  cast  upon  this 
door  -*- which  will  be  of  cast  iroli  —  six  or  eight  stout 
projecting  feet  which  will  press  upon  the  top  of  the 
outlet  or  delivery  valye  plate  when  the  door  is  Borewed 
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down.  The  upper  or  deHveTj  valve  plate  and  the 
lower  or  foot  valve  plate  should  have  similar  feet 
A  large  part  of  the  strain  will  thus  be  transferred 
from  the  plates  to  the  door,  which  can  easily  be  made 
strong  enough  to  sustain  it  It  is  advisable  that  the 
plates  should  lie  at  an  angle  so  that  the  shock  of  the 
water  may  not  come  upon  the  whole  surface  at  once. 

462.  Q.  —  Does  the  double  acting  air  pump  usual 
in  direct  acting  screw  engines,  produce  as  good  a 
vacuum  as  the  single  acting  air  pump  usual  in  paddle 
engines? 

A,  —  It  will  do  so  if  properly  constructed ;  but  1 
do  not  know  of  any  case  of  a  double  acting  ur  pump, 
with  india  rubber  valves,  which  has  been  properlj 
constructed. 

463.  Q.  —  What  is  the  fault  of  such  pumps  ? 

A. — The  pump  frequently  works  by  starts,  as  if  at 
times  it  did  not  draw  at  all,  and  then  again  on  a 
sudden  gorged  itself  with  water,  so  as  to  throw  a 
great  strain  upon  the  working  parts.  The  vacnom, 
moreover,  is  by  no  means  so  good  as  it  should  be,  and 
it  is  a  universal  vice  of  direct  acting  screw  engines 
that  the  vacuum  is  defective.  I  have  been  at  some 
pains  to  investigate  the  causes  of  this  imperfection ; 
and  in  a  sugar  house  engine  fitted  with  pumps  like 
those  of  a  direct  acting  screw  engine,  to  maintain  a 
vacuum  in  the  pans,  I  found  that  a  better  vacuum  was 
produced  when  the  engine  was  going  slowly  than 
when  it  was  going  fast ;  which  is  quite  the  reverse  of 
what  was  to  have  been  expected,  as  the  hot  water 
which  had  to  be  removed  by  the  condensation  of  the 
steam  proceeding  from  the  pan,  was  a  constant  quan- 
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tity.  In  this  engine,  too,  which  was  a  high  pressure 
one,  the  irregnlarities  of  the  engine  consequent  upon 
the  fitful  catching  of  the  water  by  the  pump,  was 
more  conspicuous,  as  the  working  of  this  vacuum 
pump  was  the  only  work  that  the  engine  had  to 
perform. 

464.  Q. —  And  were  you  able  to  discover  the  cause 
of  these  irregularities  ? 

A.  —  The  main  cause  of  them  I  found  to  be  the 
largeness  of  the  space  left  between  the  valve  plates 
in  this  class  of  pumps,  and  out  of  which  there  is 
nothing  to  press  the  air  or  water  which  may  be  lying 
there.  It  consequently  happens,  that  if  there  be  the 
slightest  leakage  of  air  into  the  pump,  this  air  is 
merely  compressed,  and  not  expelled,  by  the  advance 
of  the  air  pump  piston.  It  expands  again  to  its  former 
bulk  on  the  return  of  the  pump  piston,  and  prevents 
the  water  from  entering  until  there  is  such  an  accu- 
mulation of  pressure  in  the  condenser  as  forces  the 
water  into  the  pump,  when  the  air  being  expelled  by 
the  water,  causes  a  good  vacuum  to  be  momentarily 
formed  in  the  pump  when  it  gorges  itself  by  taking  a 
sudden  gulp  of  water.  So  soon,  however,  as  the  pres- 
sure falls  in  the  condenser  and  some  more  air  leaks 
into  the  pump,  the  former  imperfect  action  recurs  and 
is  again  redressed  in  the  same  violent  manner. 

465.  Q.  —  Is  this  irregular  action  of  the  pump  the 
cause  of  the  imperfect  vacuum  ? 

A. —  It  is  one  cause.     Sometimes  one  end  of  the 
pump  will  alone  draw  and  the  other  end  will  be  in- 
operative, although  it  is  equally  open  to  the  condenser, 
iind  this  will  chiefly  take  place  at  the  stuffing  box  end, 
s  2 
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where  a  leakage  of  air  is  more  likelj  to  occur.  I 
find,  however,  that  even  when  hoth  ends  of  the  pnmp 
are  acting  equally  and  there  is  no  leakage  of  air  at  all, 
the  vacuum  maintained  bj  a  double  acting  hori- 
zontal pump  with  India  rubber  valves,  is  not  so  good 
as  that  maintained  bj  a  single  acting  pump  of  the 
kind  usuiA  in  old  engines. 

466.  Q.  —  Will  you  specify  more  precisely  what 
were  the  results  you  obtained  ? 

A.  —  When  the  vacuum  pan  was  exhausted  by  the 
pumps  without  any  boiling  being  carried  on  in  the 
pan,  but  only  a  little  cold  water  being  let  into  it,  and 
also  into  the  pumps  to  enable  them  to  act  in  their  best 
manner,  it  was  found  that  whereas  with  the  old  pump 
a  vacuum  of  114  on  the  sugar  boiler's  gauge  could  be 
readily  obtained,  equal  to  about  29^  inches  of  mer- 
cury, the  lowest  that  could  possibly  be  got  with  tlie 
new  horizontal  pump  was  122  degrees  of  the  sugar 
boiler's  gauge,  or  29  inches  of  mercury,  and  to  get 
that  the  engine  must  not  go  faster  than  10  or  12 
strokes  per  minute.  The  proper  speed  of  the  engine 
was  75  strokes  per  minute,  but  if  allowed  to  go  at 
that  speed  the  vacuum  fell  to  ISO  of  the  sugar  maker's 
gauge,  or  28^  inches  of  mercury.  When  the  steam 
was  let  into  the  worms  of  the  pan  so  as  to  boil  the 
water  in  it,  the  vacuum  was  134  at  76  revolutions  of 
the  engine,  and  went  down  to  132  at  40  revolutions, 
but  rose  again  to  1 35,  equal  to  about  28^  inches  of 
mercury,  at  20  revolutions. 

467.  Q.  —  To  what  do  you  attribute  the  circum- 
stance  of  a  better  vacuum  being  got  at  low  speeds 
than  at  high  speeds  ? 
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A. —  It  is  difficalt  to  assign  the  precise  reason,  but 
it  appears  to  be  a  consequence  of  the  largeness  of  the 
vacant  space  between  the  valve  plates.  When  the 
piston  of  the  air  pump  is  drawn  back,  the  air  con- 
tained in  this  large  collection  of  water  will  cause  it  to 
boil  up  like  soda  water ;  and  when  the  piston  of  the 
pump  is  forced  forward,  this  air,  instead  of  being  ex- 
pelled, will  be  again  driven  into  the  water.  There 
will  consequently  be  a  quantity  of  air  in  the  pump 
which  cannot  be  got  rid  of  at  all,  and  which  will 
impair  the  vacuum  as  a  matter  of  course. 

468.  Q.  —  What  expedient  did  you  adopt  to  im- 
prove the  vacuum  in  the  engine  to  which  yon  have 
referred  ? 

A.  —  I  put  blocks  of  wood  on  the  air  pump  piston, 
which  at  the  end  of  its  stroke  projected  between  the 
valve  plates  and  forced  the  water  out.  I  also'  intro- 
duced a  cock  of  water  at  each  end  of  the  pump  be- 
tween the  valve  plates,  to  insure  the  presence  of  water 
at  each  end  of  the  pump  to  force  the  air  out  With 
these  ameliorations  the  pump  worked  steadily,  and  the 
vacuum  obtained  became  as  good  as  in  the  old  pump. 
I  had  previously  introduced  an  injection  cock  into 
each  end  of  the  air  pump  in  steam  vessels,  from  which 
I  had  obtained  advantageous  results ;  and  in  all  hori- 
zontal air  pumps  I  would  recommend  the  piston  and 
valve  plates  to  be  so  constructed  that  the  whole  of  the 
water  will  be  expressed  by  the  piston.  I  would  also 
recommend  an  injection  cock  to  be  introduced  at  each 
end  of  the  pump. 
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PUMPS,   COCKS,   AND  PIPES. 

469.  Q.  —  Will  jou  explain  the  arrangement  of 
the  feed  pump  ? 

A, —  In  steam  vessels,  the  feed  pump  plunger  is 
generallj  of  brass,  and  the  barrel  of  the  pump  is 
sometimes  of  brass,  but  generallj  of  cast  iron.  There 
should  be  a  considerable  clearance  between  the  bottom 
of  the  plunger  and  the  bottom  of  the  barrel,  as*  other- 
wise the  bottom  of  the  barrel  may  be  knocked  out, 
should  coal  dust  or  anj  other  foreign  substance  gain 
admission,  as  it  probably  would  do  if  the  injection 
water  were  drawn  at  any  time  from  the  bilge  of  the 
vessel,  as  is  usually  done  if  the  vessel  springs  a  leak. 
The  valves  of  the  feed  pump  in  marine  engines  are 
generally  of  the  spindle  kind,  and  are  most  conve- 
niently arranged  in  a  chest,  which  may  be  attached  in 
any  accessible  position  to  the  side  of  the  hot  well. 
There  are  two  side  nozzles  upon  this  chest,  of  which 
the  lower  one  leads  to  the  pump,  and  the  upper  one 
to  the  boiler.  The  pipe  leading  to  the  pump  is  a 
suction  pipe  when  the  plunger  ascends,  and  a  forcing 
pipe  when  the  plunger  descends.  The  plunger  in 
ascending  draws  the  water  out  of  the  hot  well  through 
the  lowest  of  the  valves,  and  in  descending  forces  it 
through  the  centre  valve  into  the  space  above  it, 
which  communicates  with  the  feed  pipe.  Should  the 
feed  cock  be  shut  so  as  to  prevent  any  feed  water 
from  passing  through  it^  the  water  will  raise  the  top- 
most valve,  which  is  loaded  to  a  pressure  considerably 
above  the  pressure  of  the  steam,  and  escape  into  the 
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hotwelL  This  arrangement  is  neater  and  less  ex- 
pensive than  that  of  having  a  separate  loaded  valve 
on  the  feed  pipe,  with  an  overflow  through  the 
ship's  side,  as  is  the  more  usual  practice. 

470.  Q.— -Will  you  describe  what  precautions  are  to 
be  observed  in  the  construction  of  the  cocks  used  in 
engines  ? 

A, — All  the  cocks  about  an  engine  should  be  pro- 
vided with  bottoms  and  stuffing  boxes,  and  reliance 
should  never  be  placed  upon  a  single  bolt  passing 
through  a  bottom  washer  for  keeping  the  plug  in  its 
place,  in  the  case  of  any  cock  communicating  with  the 
boiler ;  for  a  great  strain  is  thrown  upon  that  bolt  if 
the  pressure  of  the  steam  be  high,  and  if  the  plug  be 
made  with  much  taper ;  and  should  the  bolt  break,  or 
the  threads  strip,  the  plug  will  fly  out,  and  persons 
standing  near  may  be  scalded  to  death.    In  large 
cocks,  it  appears  the  preferable  plan  to  cast  the  bottoms 
in;  and  the  metal  of  which  all  the  cocks  about  a 
marine  engine  are  made,  should  be  of  the  same  quality 
as  that  used  in  the  composition  of  the  brasses,  and 
should  be  without  lead,  or  other  deteriorating  material. 
In  some  cases  the  bottoms  of  cocks  are  burnt  in  with 
bard  solder,  but  this  method  cannot  be  depended  upon, 
as  the  solder  is  softened  and  wasted  away  by  the  hot 
salt  water,  and  in  time  the  bottom  leaks,  or  is  forced 
out.     The  stuffing  box  of  cocks  should  be  made  of 
adequate  depth,  and  the  gland  should  be  secured  by 
means  of  four  strong  copper  bolts.     The  taper  of 
blow-olf  cocks  is  an  important  element  in  their  con- 
struction ;  as,  if  the  taper  be  too  great,  the  plugs  will 
have  a  continual  tendency  to  nse,  which,  if  the  pack- 
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iDg  be  slack,  will  enable  grit  to  get  between  the  faces, 
while,  if  the  taper  be  too  little,  the  plug  will  be  liable 
to  jam^  and  a  few  times  grinding  will  sink  it  so  far 
through  the  shell  that  the  waterways  will  no  longer 
correspond.  One-eighth  of  an  inch  deviation  from  the 
perpendicular  for  every  inch  in  height,  is  a  common 
angle  for  the  side  of  the  cock,  which  corresponds  with 
one  quarter  of  an  inch  difference  of  diameter  in  an 
inch  of  height ;  but  perhaps  a  somewhat  greater  taper 
than  thi9>  or  one-third  of  an  inch  difference  in  dia- 
meter for  every  inch  of  height,  is  a  preferable  propor- 
tion. The  bottom  of  the  plug  must  be  always  kept  a 
small  distance  above  the  bottom  of  the  shell,  and  an 
adequate  surface  must  be  left  above  and  below  the 
waterway  to  prevent  leakage.  Cooks  formed  accord- 
ing to  these  directions  will  be  found  to  operate  satis- 
factorily in  practice,  while  they  will  occasion  perpetual 
trouble  if  there  be  any  malformation. 

471.  Q,  —  What  is  the  best  arrangement  and  con 
figuration  of  the  blow-off  cocks  ? 

A.  ^-^  The  blow-off  cocks  of  a  boiler  are  generally 
placed  some  distance  from  the  boiler ;  but  it  appears 
preferable  that  they  should  be  placed  quite  close  to  it, 
as  there  are  no  means  of  shutting  off  the  water  from 
the  pipe  between  the  blow-off  cock  and  the  boiler, 
should  fracture  or  leakage  there  arise.  Every  boiler 
must  be  furnished  with  a  blow-off  cock  of  its  own,  in- 
dependently of  the  main  blow-off  cocks  on  the  ship's 
sides,  so  that  the  boilers  may  be  blown  off  separately, 
and  may  be  shut  off  from  one  another.  The  preferable 
arrangement  appears  to  be,  to  cast  upon  each  blow-off 
cock  a  bend  for  attaching  the  cock  to  the  bottom  of  the 
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boiler,  and  the  plag  should  stand  about  an  inch  in 
advance  of  the  front  of  the  boiler,  so  that  it  maj  be 
removed,  or  re-ground,  with  facilitj.  The  general 
arrangement  of  ^e  blow-off  pipes  is  to  run  a  main 
blow-off  pipe  beneath  the  floor  plates,  across  the  ship, 
at  the  end  of  the  engines,  and  into  this  pipe  to  lead  a 
separate  pipe,  furnished  with  a  cock,  from  each  boiler. 
The  main  blow-off  pipe,  where  it  penetrates  the  ship's 
side,  is  furnished  with  a  cock  :  and  in  modern  steam 
vessels  Kingston's  valves  are  also  used,  which  consist 
of  a  spindle  or  plate  valve,  fitted  to  the  exterior  of  the 
ship,  60  that  if  the  internal  pipe  or  cock  breaks,  the 
external  valve  will  still  be  operative.  Some  expedient 
of  this  kind  is  almost  necessary,  as  the  blow-off  cocks 
require  occasional  re-grinding,  and  the  sea  cocks  can- 
not be  re-ground  without  putting  the  vessel  into  dock, 
except  by  the  use  of  Kingston's  valves,  or  some 
equivalent  expedient. 

472.  Q.  —  What  is  the  proper  construction  and 
situation  of  the  injection  cocks,  and  waste  water 
valves? 

A,  —  The  sea  injection  cocks  are  usually  made  in 
the  same  fashion  as  the  sea  blow-off  cocks,  and  of 
about  the  same  size,  or  rather  larger.  The  injection 
water  is  generally  admitted  to  the  condenser  by  means 
of  a  slide  valve,  but  a  cock  appears  to  be  preferable, 
as  it  is  more  easily  opened,  and  has  not  any  disposition 
to  shut  of  its  own  accord.  In  paddle  vessels  the  sea 
injection  pipes  should  be  put  through  the  ship's  sides 
in  advance  of  the  paddles,  so  that  the  water  drawn  in 
may  not  be  injuriously  charged  with  air.  The  waste 
water  pipe  passing  from  the  hot  well  through  the 


314  DETAILS  OF  THE  GAUQE  COCKS 

vessel's  side  is  provided  with  a  stop  valve,  called  the 
discharge  valve,  which  is  usually  made  of  the  spindle 
kind,  so  as  to  open  when  the  water  coming  from  the 
air  pump  presses  against  it  In  some  cases  this  valve 
is  a  sluice  valve,  but  the  hot  well  is  then  almost  sure 
to  be  split,  if  the  engine  be  set  on  without  the  valve 
having  been  opened.  The  opening  of  the  waste  water 
pipe  should  always  be  above  the  load  water  line,  as  it 
wiU  otherwise  be  difficult  to  prevent  leakage  through 
the  engine  into  the  ship  when  the  vessel  is  lying 
in  harbour. 

473.  Q.  —  What  is  the  best  arrangement  of  gauge 
cocks  and  glass  gauges  ? 

A.  —  Gauge  cocks  are  generally  very  inartifidally 
made,  and  occasion  needless  annoyance.  Thej  are 
rarely  made  with  bottoms,  or  with  stuffing  boxes, 
and  are  consequently,  for  the  most  part^  adorned  with 
stalactites  of  salt  after  a  short  period  of  service.  The 
water  discharged  from  them,  too,  from  the  want  of  a 
proper  conduit,  disfigures  the  front  of  the  boiler,  and 
adds  to  the  corrosion  in  the  ash  pits.  It  would  be 
preferable  to  combine  the  gauge  cocks  appertaining 
to  each  boiler  into  a  single  upright  tube,  connected 
suitably  with  the  boiler,  and  the  water  flowing  from 
them  could  be  directed  downwards  into  a  funnel  tube 
communicating  with  the  bilge.  The  cocks  of  the  glass 
tubes,  as  well  as  of  the  gauge  cocks,  should  be  fur- 
nished with  stuffing  boxes  and  with  bottoms,  unless 
the  water  enters  through  the  bottom  of  the  plug, 
which  in  gauge  cocks  is  sometimes  the  case.  The 
glass  gauge  tubes  should  always  be  fitted  with  a  cock 
at  each  neck  communicating  with  the  boiler,  so  that 
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the  water  and  steam  may  be  shut  off  if  the  tabe 
breaks ;  and  the  cocks  should  be  so  made  as  to  admit 
of  the  tubes  being  blown  through  with  steam  to  clear 
them,  as  in  muddy  water  they  will  become  so  soiled 
that  the  water  cannot  be  seen.  The  gauge  cocks 
frequently  have  pipes  running  up  within  the  boiler,  to 
the  end  that  a  high  water  level  may  be  made  con- 
sistent with  an  easily  accessible  position  of  the  gauge 
cocks  themselves.  With  the  glass  tubes,  however, 
this  species  of  arrangement  is  not  possible,  and  the 
glass  tubes  must  always  be  placed  in  the  position  of 
the  water  level. 

474.  Q. — What  is  the  proper  material  of  the  pipes 
in  steam  vessels  ? 

A.  —  Most  of  the  pipes  of  marine  engines  should 
be  made  of  copper.  The  steam  pipes  may  be  of  cast 
iron,  if  made  very  strong,  but  the  waste  water  pipes 
should  be  of  copper.  Cast  iron  blow-off  pipes  have  in 
some  cases  been  employed,  but  they  are  liable  to 
fracture,  and  are  dangerous.  The  blow-off  and  feed 
pipes  should  be  of  copper,  but  the  waste  steam  pipe 
may  be  of  galvanised  iron.  Every  pipe  passing 
through  the  ship's  side,  and  every  pipe  fixed  at  both 
ends,  and  liable  to  be  heated  and  cooled,  should  be 
furnished  with  a  faucett  or  expansive  joint ;  and  in 
the  case  of  cast  iron  pipes,  the  part  of  the  pipe  fitting 
into  the  faucett  should  be  turned.  In  the  distribution 
of  the  faucetts  of  the  pipes  exposed  to  pressure,  care 
must  be  taken  that  they  be  so  placed  that  the  parts 
of  the  pipe  cannot  be  forced  asunder,  or  turned  round 
bj  the  strain,  as  serious  accidents  have  occurred  from 
the  neglect  of  this  precaution* 
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475.  Q.— What  is  the  best  mode  of  making  pipes 
tight  where  thej  penetrate  the  ship's  side  ? 

u4.^-In  wooden  vessels  the  pipes  where  they  pierce 
the  ship's  side,  should  be  made  tight,  as  follows: — 
the  hole  being  cut,  a  short  piece  of  lead  pipe,  with  a 
broad  flange  at  one  end,  should  be  fitted  into  it,  the 
plAce  having  been  previously  smeared  with  white 
lead,  and  the  pipe  should  then  be  beaten  on  the  inside, 
until  it  comes  into  close  contact  all  around  with  the 
wood.  A  loose  flange  should  next  be  slipped  over  the 
projecting  end  of  the  lead  pipe,  to  which  it  should  be 
soldered,  and  the  flanges  should  both  be  nailed  to  the 
timber  with  scupper  nails*  white  lead  having  been 
previouslj  spread  underneath.  This  method  of  pro- 
cedure^ it  is  dear,  prevents  the  possibility  of  leakage 
down  through  the  timbers;  and  all,  therefore,  that 
has  to  be  guarded  against  after  this  precaution,  is  to 
prevent  leakage  into  the  ship.  To  accomplish  this 
object)  let  the  pipe  which  it  is  desired  to  attach  be  put 
through  the  leaden  hause,  and  let  the  space  between 
the  pipe  and  the  lead  be  packed  with  gasket  and  white 
lead,  to  which  a  little  olive  oil  has  been  added.  The 
pipe  must  have  a  flange  upon  it  to  close  the  hole  in 
the  ship's  side ;  the  packing  must  then  be  driven  in 
from  the  outside,  and  be  kept  in  by  means  of  a  gland 
secured  with  bolts  passing  through  the  ship's  side. 
If  the  pipe  is  below  the  water  line  the  gland  must  be 
of  brass,  but  for  the  waste  water  pipe  a  cast  iron 
gland  will  answer.  This  method  of  securing  pipes 
penetrating  the  side,  however,  though  the  best  for 
wooden  vessels,  will,  it  is  clear,  fail  to  apply  to  iron 
ones.  In  the  case  of  iron  vessels,  it  appears  to  be  the 
best  practice  to  attach  a  short  iron  nozzle,  projecting 
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inwards  from  the  skin,  for  the  attachment  of  every  pipe 
below  the  water  line,  as  the  copper  or  brass  would 
waste  the  iron  of  the  skin  if  the  attachment  were  made 
in  the  nsual  waj. 

DETAILS  OP  THE  SCREW  AND  SCREW   SHAFT. 

476.  Q. — What  is  the  best  method  of  fixing  the 
screw  upon  the  shaft  ? 

A. — The  best  way  is  to  cut  two  large  grooves  in 
the  shaft  coming  up  to  a  square  end,  and  two  corre- 
sponding grooves  or  key  seats  in  the  screw  boss  oppo- 
site the  arms.  Fit  into  the  grooves  on  the  shaft  keys 
with  heads,  the  length  of  which  is  equal  to  half  the 
depth  of  the  boss,  and  with  the  ends  of  the  keys  bear- 
ing against  the  ends  of  the  grooves  in  the  shaft. 
Then  ship  on  the  propeller^  and  drive  other  keys  of 
an  equal  length  from  the  other  side  of  the  boss,  so 
that  the  points  of  the  keys  will  nearly  meet  in  the 
middle ;  next  burr  up  the  edge  of  the  grooves  upon 
the  heads  of  the  keys,  to  prevent  them  from  working 
back ;  and  finally  tap  a  bolt  into  the  side  of  the  boss  to 
penetrate  the  shaft.  Propellers  so  fitted  will  never 
get  slack. 

477.  Q. — What  is  the  best  way  of  fitting  in  the 
screw  pipe  at  the  stem  ? 

^.— It  should  have  projecting  rings,  which  should 
be  turned ;  and  cast  iron  pieces  with  holes  in  them, 
bored  out  to  the  sizes  of  these  rings,  should  be  secured 
to  the  stern  frames,  and  the  pipe  be  then  shipped 
through  all.  Before  this  is  done,  however,  the  stern 
post  must  be  bored  out  by  a  template  to  fit  the  pipe, 
and  the  pipe  is  to  be  secured  at  the  end  to  the  stern 
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post  either  hj  a  great  external  nut  of  cast  iron,  or  by 
bolts  passing  through  the  stern  post  and  through  lags 
on  the  pipe.  The  pipe  should  be  bored  throughout 
its  entire  length,  or  be  lined  with  lignum  vita^  and 
the  shaft  should  be  turned  so  as  to  afford  a  veiy  long 
bearing,  which  will  prevent  rapid  wear. 

478.  Q.  How  is  the  hole  formed  in  the  deadwood 
of  the  ship  in  which  the  screw  works  ? 

A, — ^A  great  frame  of  malleable  iron,  the  size  of 
the  hole,  is  first  set  up,  and  the  plating  of  the  ship  is 
brought  to  the  edge  of  this  hole,  and  is  riveted 
through  the  frame.  It  is  important  to  secure  this 
frame  very  firmlj  to  the  rest  of  the  ship,  with  which 
view  it  is  advisable  to  form  a  great  palm,  like  the 
palm  of  a  vice,  on  its  inner  superior  comer,  which, 
projecting  into  the  ship,  may  be  secured  by  breast* 
hook  plates  to  the  sides,  whereby  the  strain  which 
the  screw  causes  will  be  distributed  over  the  stem, 
instead  of  being  concentrated  on  the  rivets  of  the 
frame. 

479.  Q.  —  Are  there  several  lengths  of  screw 
shaft? 

A^ — There  are. 

480.  Q. — How  then  are  these  secured  to  one  an- 
other ? 

A. — The  best  mode  of  securing  the  several  lengths 
of  shaft  together  is  by  forging  the  shafts  with 
flanges  at  the  ends,  which  are  connected  together  by 
bolts,  say  six  strong  bolts  in  each,  but  the  abutting 
ends  of  the  shafts  should  be  slightly  rounded  to  permit 
a  slight  sideplay. 

481.  Q. — How  is  the  thrust  of  the  shaft  received? 
-^•^In  some  cases  it  is  received  on  a  number  of 
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metal  discs  set  in  a  box  containing  oil ;  and  should  one 
y£  these  discs  stick  fast  from  friction,  the  others  will 
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End  of  the  Scbbw  Shaft  of  Combo,  showing  the  Mode  of  reoehlng 
the  Thrust.    A,  discs ;  B,  tightening  wedge. 
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PLu^MBft  Block  for  receiving  Thrust  of  pLnMMBB  Block  with  Cap  removed 

Screw*  M  used  bj  Messrs.  Teniu 
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APPAliATUS   FOR  RAISING  SCREW. 


Fig.  45. 


be  free  to  revolve.  This  arrangement,  which  is  re- 
presented in  Jig.  42.,  is  used  pretty  extenwvely,  and 
answers  the  purpose  perfectly.  It  is  of  course  neces- 
sary that  the  box  in 
which  the  discs  A  are 
set,  shall  be  strong 
enough  to  withstand 
the  thrust  which  the 
screw  occasions.  An- 
other arrangement 
still  more  generally 
used,  is  that  repre- 
sented in  ^5. 43.  and 
44.  It  is  a  good 
practice  to  make  the 
thrust  plummer  block 
with  a  very  long  sole 
in  the  direction  of 
the  shafl  so  as  to  ob- 
viate any  risk  of  cant- 
ing or  springing  for- 
ward when  the  strain 
is  applied,  as  such  a 
circumstance,  if  oc- 
curring even  to  a 
slight  extent,  would 
be  very  likely  to  cause 
the  bearing  to  heat. 

482.  Q.— Are  there 
not  arrangements  ex- 
isting in  some  vessels 
for  enabling  the  screw 


hlevatlon  of  Apparatus  for  lifting  Screw 
or  Dauntlbss. 
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to  be  lifted  Qut  of  the  water  while  the  vessel  is  at 
sea? 

A.  —  There  are;  but  such  arrangements  are  not 
usual  in  merchant  vessels.  One  form  of  apparatus 
for  this  purpose  is  that  represented  in  fig.  45.  The 
screw  is  set  on  a  short  shaft  in  the  midcUe  of  a  sliding 
frame,  which  can  be  raised  or  lowered  in  grooves  like 
a  window,  and  the  screw  shaft  within  the  ship  can  be 
protruded  or  withdrawn  by  appropriate  mechanism, 
so  as  to  engage  or  leave  free  this  short  shaft  as  maj 
be  required.  When  the  screw  has  to  be  lifted,  the 
screw  shaft  is  drawn  into  the  vessel,  leaving  the 
short  shaft  free  to  be  raised  up  by  the  sliding  frame,  and 
the  frame  is  raised  by  long  screws  turned  round  by  a 
winch  purchase  on  deck.  A  chain  or  rope,  however, 
is  better  for  the  purpose  of  raising  this  frame,  than 
long  screws ;  but  the  frame  should  in  such  case  be 
provided  with  pall  catches  like  those  of  .a  windlass, 
which,  if  the  rope  should  break,  will  prevent  the  screw 
from  falling. 

DETAILS  OF  THE  PADDLES  AND  PADDLE  SHAFT. 

483.  Q. — What  are  the  most  important  details  of 
the  construction  of  paddle  wheels  ? 

A. — The  structure  of  the  feathering  wheel  will  be 
hereafler  described  in  connection  wkh  an  account 
of  the  oscillating  engine ;  and  it  will  be  expedient 
now  to  restrict  any  account  of  the  details  to  the 
common  radial  paddle,  as  applied  to  ocean  steamers. 
The  best  plan  of  making  the  paddle  centres  is  with 
square  eyes,  and  each  centre  should  be  secured  in  its 
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place  by  means  of  eight  thick  keys.  The  shaf^ 
should  be  burred  up  against  the  head  of  these  keys 
with  a  chisel,  so  as  to  prevent  the  keys  from  coming 
back  of  their  own  accord.  If  the  keys  are  wanted  to 
be  driven  back,  this  burr  must  be  cut  off,  and  if  made 
thick,  and  of  the  right  taper,  they  may  then  be  started 
without  difficulty.  The  shaft  must  of  course  be 
forged  with  square  projections  on  it,  so  as  to  be 
suitable  for  the  application  of  centres  with  square 
eyes.  Messrs.  Maudslay  and  Co.  bore  out  their 
paddle  centres,  and  turn  a  seat  for  them  on  the  shaft, 
afterwards  fixing  them  on  the  shaft  with  a  single 
key.  This  plan  is  objectionable  for  the  two  reasons, 
that  it  is  insecure  when  new,  and  when  old  is  irre- 
movable. The  general  practice  among  the  London 
engineers  is  to  fix  the  paddle  arms  at  the  centre  to  a 
plate  by  means  of  bolts,  a  projection  being  pbiced 
upon  the  plates  on  eaeh  side  of  the  arm,  to  prevent 
lateral  motion ;  but  this  method  is  inferior  in  dura- 
bility to  that  adopted  in  the  Clyde,  in  which  each 
arm  is  fitted  into  a  socket  by  means  of  a  cutter,  —  a 
small  hole  being  left  opposite  to  the  end  of  each  arm, 
whereby  the  arm  may  be  forced  back  by  a  drift. 

484.  Q,  —  How  are  the  arms  attached  to  the  out- 
side rings  ? 

A,  —  Some  engineers  join  the  paddle  arms  to  the 
outer  ring  by  means  of  bolts ;  but  unless  very  care- 
fully fitted,  those  bolts  after  a  time  become  slack 
sideways,  and  a  constant  working  of  the  parts  of  the 
wheel  goes  on  in  consequence.  Sometimes  the  part 
of  the  outer  ring  opposite  the  arm  is  formed  into  & 
mortice,  and  the  arms   are  wedged  tight  in   these 
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holes  bj  wedges  driven  in  on  each  side ;  but  the  plan 
is  an  expensive  one,  and  not  satisfactory,  as  the 
wedges  work  loose  even  though  riveted  over  at  the 
point  The  best  mode  of  making  a  secure  attachment 
of  the  arms  to  the  ring,  consists  in  making  the  arms 
with  long  T  heads,  and  riveting  the  cross  piece  to  the 
outer  ring  with  a  number  of  rivets,  not  of  the  largest 
size,  which  would  weaken  the  outer  ring  too  much. 
The  best  way  of  securing  the  inner  rings  to  the  arms 
is  by  means  of  lugs  welded  on  the  arms,  and  to  which 
the  rings  are  riveted. 

485.  Q.  —  What  are  the  scantlings  of  the  paddle 
floats? 

A.  —  The  paddle  floats  are  nsuaUy  made  either  of 

elm  or  pine ;  if  of  the  former,  the  common  thickness 

for  large  sea-going  vessels  is  about  2]^  inches ;  if  of 

the  latter,  3  inches.     The  floats  should  have  plates 

on  both  sides,  else  the  paddle  arms  will  be  very  liable 

to  eat  into  the  wood,  and  the  iron  of  the  arms  will  be 

very  rapidly  wasted.    When  the  floats  have  been 

fresh  put  on  they  must  be  screwed  up  several  times 

before  they  come  to  a  bearing.     If  this  be  not  done, 

the  bolts  will  be  sure  to  get  slack  at  sea,  and  all  the 

floats  on  the  weather  side  may  be  washed  ofll    The 

bolts  for  holding  on  the  paddle  floats  are  made  extra 

strong,  on  account  of  the  corrosion  to  which  they  are 

aabject;    and  the  nuts  should  be  made  large,  and 

ahould  be  square,  so  that  they  may  be  eflectually 

tightened  up,  even  though  their  comers  be  worn  away 

by  corrosion.     It  is  a  good  plan  to  give  the  thread  of 

the  paddle  bolts  a  nick  with  a  chisel,  af^er  the  nut  has 

been   screwed  up,  which  will  prevent  the  nut  from 
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turning  back.  Paddle  floats,  when  consisting  of 
more  than  one  board,  should  be  bolted  together  edge- 
ways, bj  means  of  bolts  running  through  their  whole 
breadth.  The  floats  should  not  be  notched  to  allow 
of  their  projection  beyond  the  outer  ring,  as,  if  the 
sides  of  the  notch  be  in  contact  with  the  outer  ring, 
the  ring  is  soon  eaten  away  in  that  part,  and  the  pro- 
jecting part  of  the  float,  being  unsupported,  is  liable 
to  be  broken  off. 

486.  Q.  —  Do  not  the-  wheels  jolt  sideways  when 
the  vessel  rolls  ? 

A,  —  It  is  usual  to  put  a  steel  plate  at  each  end  of 
the  paddle  shafts  tightened  with  a  key,  to  prevent 
end  play  when  the  vessel  rolls,  but  the  arrangement  is 
precarious  and  insufficient.     Messrs.  Maudslay  make 
their  paddle  shaft  bearings  with  very  large  fiUets  in 
the  corner,  with  the  view  of  diminishing  the  evil; 
but  it  would  be  preferable  to  make  the  bearings  like 
a  common  thrust  bearing;  and,   indeed,  it  would 
probably  be  an  improvement  if  most  of  the  bearing? 
about  the  engine  were  to  be  made  in   the   same 
fashion.     The  loose  end  of  the  crank  pin  should  be 
made  not  spheroidal,  but  consisting  of  a  portion  of  a 
sphere ;  and  a  brass  bush  might  then  be  fitted  into 
the  crank  eye,  that  would  completely  encase  the  ball 
of  the  pin,  and  yet  permit  the  outer  end  of  the  paddle 
shaft  to  fall  witibout  straining  the  pin,  the  bush  b^ng 
at  the  same  time  susceptible  of  a  slight  end  motion. 
The  paddle  shaft,  where  it  passes  through  the  vessel's 
side,  is  usually  surrounded  by  a  lead  stuffing  box, 
which  will  yield  if  the  end  of  the  shaft  falls ;   this 
stuffing  box  prevents  leakage  into  the  ship  from  the 
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puddle  wheels :  but  it  is  expedient,  as  a  further  pre- 
caution, to  have  a  small  tank  on  the  ship's  side  imme- 
diatelj  beneath  the  stufSing  box,  with  a  pipe  leading 
down  to  the  bilge  to  catch  and  conduct  away  anj 
water  that  may  enter  around  the  shaft 

487.  Q How  is  the  outer  bearing  of  the  paddle 

wheels  supplied  with  tallow  ? 

A,  —  llie  bearing  at  the  outer  end  of  the  paddle 
shaft  is  sometimes  supplied  with  tallow,  forced  into  a 
hole  in  the  plummer  block  cover,  as  in  the  case  of 
water  wheels;  but  for  vessels  intended  to  perform 
long  voyages,  it  is  preferable  to  have  a  pipe  leading 
down  to  the  oil  cup  above  the  journal  from  the  top  of 
the  paddle  box,  through  which  pipe  oil  may  at  any 
time  be  supplied. 

488.  Q. — Will  you  explain  the  method  of  putting 
engines  into  a  steam  vessel  ? 

A.  —  As  an  illustration  of  this  operation  it  may  be 
advisable  to  take  the  case  of  a  side  lever  engine,  and 
the  method  of  proceeding  is  as  follows:  —  First 
measure  across  from  the  inside  of  paddle  bearers  to 
the  centre  of  the  ship,  to  make  sure  that  the  central 
line,  running  in  a  fore  and  aft  direction  on  the  deck 
or  beams,  usually  drawn  by  the  carpenter,  is  really  in 
the  centre.  Stretch  a  line  across  between  the  paddle 
bearers  in  the  direction  of  the  shaft ;  to  this  line,  in 
the  centre  of  the  ship  where  the  fore  and  aft  mark 
has  been  made,  apply  a  square  with  arms  six  or  eight 
feet  long,  and  bring  a  line  stretched  perpendicularly 
from  the  deck  to  the  keelson,  accurately  to  the  edge 
of  the  square :  the  lower  point  of  the  line  where  it 
touches  the  keelson  will  be  immediately  beneath  the 
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marks  made  upon  the  deck.  If  this  point  does  not 
come  in  the  centre  of  the  keelson,  it  will  be  better  to 
shift  it  a  little,  so  as  to  bring  it  to  the  centre^  altering 
the  mark  upon  the  deck  correspondingly,  provided 
either  paddle  shaft  will  admit  of  this  being  done  — 
one  of  the  paddle  brackets  being  packed  behind  with 
wood,  to  give  it  an  additional  projection  from  the 
side  of  the  paddle  bearer.  Continue  the  line  fore  and 
aft  upon  the  keelson  as  nearly  as  can  be  judged  in 
the  centre  of  the  ship ;  stretch  another  line  fore  and 
aft  through  the  mark  upon  the  deck,  and  look  it  out 
of  winding  with  the  line  upon  the  keelson.  Fix 
upon  any  two  points  equally  distant  from  the  centre, 
in  the  line  stretched  transversely  in  the  direction  of 
the  shaft;  and  from  those  points,  as  centres,  and 
with  any  convenient  radius,  sweep  across  the  fore  and 
aft  line  to  see  that  the  two  are  at  right  angles ;  and, 
if  not,  shift  the  transverse  line  a  little  to  make  them 
so.  From  the  tranverse  line  next  let  fall  a  line  upon 
each  outside  keelson,  bringing  the  edge  of  the  square 
to  the  line,  the  other  edge  resting  on  the  keelson.  A 
point  will  thus  be  got  on  each  outside  keelson  per- 
pendicularly beneath  the  transverse  line  running  in 
the  direction  of  the  shaft,  and  a  line  drawn  between 
those  two  points  will  be  directly  below  the  shaft.  To 
this  line  the  line  of  the  shaft  marked  on  the  sole 
plate  has  to  be  brought,  care  being  taken,  at  the  same 
time,  that  the  right  distance  is  preserved  between  the 
fore  and  aft  line  upon  the  sole  plate,  and  the  fore  and 
aft  line  upon  the  central  keelson. 

489.  Q.  —  Of  course  the  keelsons  have  first  to  be 
properly  prepared  ? 
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A.  —  In  a  wooden  Tessel,  before  any  part  of  the 
machinery  is  put  in,  the  keelsons  should  be  dubbed  fair 
and  straight,  and  be  looked  out  of  winding  by  means 
of  two  straight  edges.  The  art  of  placing  engines  in 
a  ship  is  more  a  piece  of  plain  conmion  sense  than  any 
other  feat  in  engineering,  and  every  man  of  intelli- 
gence may  easily  settle  a  method  of  procedure  for  him- 
self. Plumb  lines  and  spirit  levels,  it  is  obvious,  can- 
not be  employed  on  board  a  vessel,  and  the  problem 
consists  in  so  placing  the  sole  plates,  without  these 
aids,  that  the  paddle  shaft  will  not  stand  awry  across 
the  vessel,  nor  be  carried  forward  beyond  its  place  by 
the  framing  shouldering  up  more  than  was  expected. 
As  a  plumb  line  cannot  be  used,  recourse  must  be  had 
to  a  square ;  and  it  will  signify  nothing  at  what  angle 
with  the  deck  the  keelsons  ran,  so  long  as  the  line  of 
the  shaft  across  the  keelsons  is  squared  down  from  the 
shaft  centre.  The  sole  plates  being  fixed,  there  is  no 
difficulty  in  setting  the  other  parts  of  the  engine  in 
their  proper  places  upon  them.  The  paddle  wheels 
must  be  hung  from  the  top  of  the  paddle  box  to  enable 
the  shaft  to  be  rove  through  them,  and  the  cross  stays 
between  the  engines  should  be  fixed  in  when  the  vessel 
is  afloat.  To  try  whether  the  shafts  are  in  a  line, 
turn  the  paddle  wheels,  and  try  if  the  distance  between 
the  cranks  is  the  same  at  the  upper  and  under,  and 
the  two  horizontal  centres ;  if  not,  move  the  end  of  the 
paddle  shaft  up  or  down,  backwards  or  forwards, 
until  the  distance  between  the  cranks  at  all  the  four 
centres  is  the  same. 

490.  Q.  —  In  what  manner  are  the  engines  of  a 
steam  vessel  secured  to  the  huU  ? 
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A.  —  The  engines  of  a  steamer  are  secured  to  the 
hull  by  means  of  bolts  called  holding  down  bolts,  and 
in  wooden  vessels  a  good  deal  of  trouble  is  caused  by 
these  bolts,  which  are  generally  made  of  iron.  Some- 
times they  go  through  the  bottom  of  the  ship,  and  at 
other  times  they  merely  go  through  the  keelson,  —  a 
recess  being  made  in  the  floor  or  timbers  to  admit  of 
the  introduction  of  a  nut.  The  iron,  however,  wears 
rapidly  away  in  both  cases,  even  though  the  bolts  are 
tinned ;  and  it  has  been  found  the  preferable  method 
to  make  such  of  the  bolts  as  pass  through  the  bottom, 
or  enter  the  bilge,  of  Muntz's  metal,  or  of  copper.  In 
a  side  lever  engine,  four  Muntz's  metal  bolts  may  be 
put  through  the  bottom  at  the  crank  end  of  the  framing 
of  each  engine,  four  more  at  the  main  centre,  and  four 
more  at  the  cylinder,  making  twelve  through  bolts  to 
each  engine ;  and  it  is  more  convenient  to  make  these 
bolts  with  a  nut  at  each  end,  as  in  that  case  the  bolts 
may  be  dropped  down  from  the  inside,  and  the  necessity 
is  obviated  of  putting  the  vessel  on  very  high  blocks 
in  the  dock,  in  order  to  give  room  to  put  the  bolts  up 
from  the  bottom.  The  remainder  of  the  holding  down 
bolts  may  be  of  iron,  and  may,  by  means  of  a  square 
neck,  be  screwed  into  the  timber  of  the  keelsons  as 
wood  screws— ^ the  upper  part  being  furnished  with  a 
nut  which  may  be  screwed  down  upon  the  sole  plate, 
so  soon  as  the  wood  screw  portion  is  in  its  place.  If 
the  cylinder  be  a  fixed  one  it  should  be  bolted  down 
to  the  sole  plate  by  as  many  bolts  as  are  employed  to 
attach  the  cylinder  cover,  and  they  should  be  of 
eopper  or  brass,  in  any  situation  that  is  not  easily 
accessible. 
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491 .  Q. — If  the  engines  become  looser  how  do  jon 
refix  them  ? 

A.  —  It  is  difficult  to  fix  engines  effectually  which 
Lave  once  begun  to  work  in  the  ship,  for  in  time  the 
surface  of  the  keelsons  on  which  the  engines  bear  be- 
comes worn  uneven,  and  the  engines  necessarily  rock 
upon  it.  As  a  general  rule,  the  bolts  attaching  the 
engines  to  the  keelsons  are  too  few  and  of  too  large  a 
diameter :  it  would  be  preferable  to  have  smaller  bolts, 
and  a  greater  number  of  them.  In  addition  to  the 
bolts  going  through  the  keelsons  or  the  vessel's 
bottom,  there  should  be  a  large  number  of  wood 
screws  securing  the  sole  plate  to  the  keelson,  and  a 
large  number  of  bolts  securing  the  various  parts  of  the 
engine  to  the  sole  plate.  In  iron  vessels,  holding 
down  bolts  passing  through  the  bottom  are  not  ex- 
pedient; and  there  the  engine  has  merely  to  be 
secured  to  the  iron  plate  of  the  keelsons,  which  are 
made  hollow  to  admit  of  a  more  effectual  attachment. 

492.  Q.  —  What  are  the  proper  proportions  of  bolts  ? 

A. — In  weU  formed  bolts,  the  spiral  groove  pene- 
trates about  one-twelfth  of  the  diameter  of  the  cylinder 
round  which  it  winds,  so  that  the  diameter  of  the 
solid  cylinder  which  remains  is  five-sixths  of  the  dia- 
meter over  the  thread.  If  the  strain  to  which  iron 
may  be  safely  subjected  in  machinery  is  one-fifteenth 
of  its  utmost  strength,  or  4000  lbs.  on  the  square  inch, 
then  2180  lbs.  may  be  sustained  by  a  screw  an  inch 
in  diameter,  at  the  outside  of  the  threads.  The 
strength  of  the  holding  down  bolts  may  easily  be  com- 
puted, when  the  elevating  force  of  the  piston  or  main 
centre  is  known ;  but  it  is  expedient  very  much  to 
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exceed  this  strength  in  practice,  on  account  of  the 
elasticit7  of  the  keelsons,  the  liabilily  to  corrosion, 
and  other  causes. 


THE  LOCOMOTIVE  ENGINB. 

493.  Q. — What  is  the  amount  of  tractive  force 
requisite  to  draw  carriages  on  railways  ? 

A.  —  Upon  well  formed  railways  with  carriages  of 
good  construction^  the  average  tractive  force  required 
for  low  speeds  is  about  7^  lbs.  per  ton»  or  ^^h  of  the 
load,  though  in  some  experimental  cases,  where  par- 
ticular care  was  taken  to  obtain  a  favourable  result, 
the  tractive  force  has  been  reduced  as  low  as  ^^th  of 
the  load.  At  low  speeds  the  whole  of  the  tractive  force 
is  expended  in  overcoming  the  friction,  which  is  made 
up  partly  of  the  friction  of  attrition  in  the  axles,  and 
partly  of  the  rolling  friction,  or  the  obstruction  to  the 
rolling  of  the  wheels  upon  the  rail.  The  rolling 
friction  is  very  small  when  the  surfaces  are  smooth, 
and  in  the  case  of  railway  carriages  does  not  exceed 
1-j^th  of  the  load ;  whereas  the  draught  on  common 
roads  of  good  construction,  which  is  chiefly  made  up 
of  the  rolling  friction,  is  as  much  as  ^th  of  the  load. 

494.  Q. — In  reference  to  friction  you  have  already 
stated  that  the  friction  of  iron  sliding  upon  brass, 
which  has  been  oiled  and  then  wiped  dry,  so  that  no 
film  of  oil  is  interposed,  is  about  -^th  of  the  pressure, 
but  that  in  machines  in  actual  operation,  where  there 
is  a  film  of  oil  between  the  rubbing  surfaces,  the 
friction  is  only  about  one-third  of  this  amount,  or  ^rd 
of  the  weight.     How  then  can  the  tractive  resistance 
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of  locomotires  at  low  speeds,  which  you  say  is  en- 
tirely made  up  of  friction,  be  so  little  as  T^iv^  o^  ^^ 
weight? 

A.  —  I  did  not  state  that  the  resistance  to  traction 
was  T^th  of  the  weight  upon  an  average  — to  which 
condition  the  answer  given  to  a  previous  question 
must  be  understood  to  apply  —  but  I  stated  that  the 
average  traction  was  about  ^^th  of  tlie  load,  which 
nearly  agrees  with  my  former  statement.  If  the  total 
friction  be  ^^th  of  the  load,  and  the  rolling  friction 
be  TxAnr^^  ^^  ^^  \02Ai  then  the  friction  of  attrition 
must  be  ^^^th  of  the  load ;  and  if  the  diameter  of  the 
wheels  be  36  in.,  and  the  diameter  of  the  axles  be  3  in., 
which  are  common  proportions,  the  friction  of  attri- 
tion must  be  increased  in  the  proportion  of  36  to  8,  or 
12  times,  to  represent  the  friction  of  the  rubbing 
surface  when  moving  with  the  velocity  of  the  carriage. 
:,\^ths  are  about  ^th  of  the  load,  which  does  not 
differ  much  from  the  proportion  of  ^rd,  as  previously 
determined. 

495.  Q. — What  is  the  amount  of  adhesion  of  the 
wheels  upon  the  rails  ? 

A,  —  The  adhesion  of  the  wheels  upon  the  rails  ie 
about  ^th  of  the  weight  when  the  rails  are  dean,  01 
either  perfectly  wet  or  perfectly  dry ;  but  when  the 
rails  are  half  wet  or  greasy,  the  adhesion  is  not  more 
than  -^th  or  i^th  of  the  weight  or  pressure  upon  the 
wheels.  The  weight  of  a  locomotive  of  modem  con* 
struction  varies  from  20  to  25  tons. 

496.  Q.  —  And  what  is  its  cost  and  average  per- 
formance ? 

A. — The  cost  of  a  common  narrow  gauge  loco- 
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motive,  of  average  power,  varies  from  1900L  to 
2200/. ;  it  will  run  on  an  average  130  miles  per  daj, 
at  a  cost  for  repairs  of  2^  per  mile ;  and  the  cost  of 
locomotive  power,  including  repairs,  wages,  oil,  and 
coke,  does  not  much  exceed  6d,  per  mile  ran,  on 
economically  managed  railways.  This  does  not  in- 
clude a  sinking  fund  for  the  renewal  of  the  engines 
when  worn  out,  which  may  be  taken  as  equivalent  to 
10  per  cent,  on  their  original  cost. 

497.  Q.  —  Does  the  expense  of  traction  increase 
much  with  an  increased  speed  ? 

A.  — ^Yes  ;  it  increases  very  rapidly,  partly  from  the 
undulation  of  the  earth  when  a  heavy  train  passes 
over  it  at  a  high  velocity,  but  chiefly  from  the  resist- 
ance  of  the  atmosphere  and  blast  pipe,  which  constitute 
the  greatest  of  the  impediments  to  motion  at  high 
speeds.  At  a  speed  of  30  miles  an  hour,  the  atmo- 
spheric resistance  has  beea  found  in  some  cases  to 
amount  to  about  12  lbs.  a  ton  ;  and  in  side  winds  the 
resistance  even  exceeds  this  amount,  partly  in  conse- 
quence of  the  additional  friction  caused  from  the 
flanges  of  the  wheels  being  forced  against  the  rails, 
and  partly  because  the  wind  catches  to  a  certain  extent 
the  front  of  every  carrriage,  whereby  the  efficient 
breadth  of  each  carriage,  in  giving  motion  to  the  air 
in  the  direction  of  the  train,  is  very  much  increased. 
At  a  speed  of  30  miles  an  hour,  an  engine  evaporating 
200  cubic  feet  of  water  in  the  hour,  and  therefore 
exerting  about  200  horses  power,  will  draw  a  load  of 
110  tons.  Taking  the  friction  of  the  train  at  7^  lbs. 
per  ton,  or  825  lbs.  operating  at  the  circumference  of 
tiie  driving  wheel, — which,  with  5  ft.  6  in.  wheels,  and 
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18  in.  stroke,  is  equivalent  to  4757  lbs.  upon  the 
piston,  —  and  taking  the  resistance  of  the  blast  pipe  at 
6  lbs.  per  square  inch  of  the  pistons,  and  the  friction 
of  the  engine  unloaded  at  1  lb.  per  square  inch,  whichj 
with  pistons  12  in.  in  diameter,  amount  together  to 
1582  lbs.,  and  reckoning  the  increased  friction  of  the 
engine  due  to  the  load  at  ^th  of  the  load,  as  in  some 
cases  it  has  been  found  experimentally  to  be,  though 
a  much  less  proportion  than  this  would  probably  be  a 
nearer  average,  we  have  7018*4  lbs.  for  the  total  load 
upon  the  pistons.  At  30  miles  an  hour  the  speed  of 
the  pistons  will  be  457*8  feet  per  minute,  and 
7018*4  lbs.  multiplied  by  457*8  ft.  per  minute,  are 
equal  to  3213023*5  lbs.  raised  one  foot  high  in  the 
minute,  which,  divided  by  33,000,  gives  97*3  horses 
power  as  the  power  which  would  draw  110  tons  upon 
a  railway  at  a  speed  of  30  miles  an  hour,  if  there  were 
no  atmospheric  resistance.  The  atmospheric  resist- 
ance is  at  the  rate  of  12  lbs.  a  ton,  with  a  load  of  IIP 
tons,  equal  to  1320  lbs.,  moving  at  a  speed  of  30  miles 
an  hour,  which,  when  reduced,  becomes  105*8  horses 
power,  and  this,  added  to  97*3  makes  203*1,  instead  of 
200  horses  power,  as  ascertained  by  a  reference  to  the 
evaporative  power  of  the  boiler.  This  amount  of  at- 
mospheric resistance,  however,  exceeds  the  average, 
and  in  some  of  the  experiments  for  ascertaining  the 
atmospheric  resistance,  a  part  of  the  resistance  due  to 
the  curves  and  irregularities  of  the  line  has  been 
counted  as  part  of  the  atmospheric  resistance. 

498.  Q.  —  Is  the  resistance  per  ton  of  the  engine 
the  same  as  the  resistance  per  ton  of  the  train  ? 

A, — No  *,  it  is  morCi  since  the  engine  has  not  merely 
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the  resistanoe  of  the  atmosphere  and  of  the  wheels  to 
encounter,  but  the  resistance  of  the  machinery  besides. 
According  to  Mr.  Gooch's  experiments  upon  a  train 
weighing  100  tons,  the  resistance  of  the  engine  and 
tender  at  13*1  miles  per  hour  was  found  by  the  indi- 
cator to  be  12*88  lbs ;  the  resistance  per  ton  of  the 
train,  as  ascertained  by  the  dynamometer,  was  at  the 
same  speed  7*^6  lbs.,  and  the  average  resistance 
of  locomotive  and  train  was  9*04  lbs.  At  20-2  miles 
per  hour  these  resistances  respectively  became  190, 
8*19,  and  12*2  lbs.  At  44*1  miles  per  hour  the  resist- 
ances became  84*0,  21*10,  and  25'5  lbs.,  and  at  57*4 
miles  an  hour  they  became  35*5,  17*81,  and  23*8  lbs. 

499.  Q.  —  Is  it  not  maintained  that  the  resistance 
of  the  atmosphere  to  the  progress  of  railway  trains 
increases  as  the  square  of  the  velocity  ? 

A, — The  atmospheric  resistance,  no  doubt,  increases 
as  the  square  of  the  velocity,  and  the  power,  therefore, 
neoessiary  to  overcome  it  will  increase  as  the  cube  of 
the  velocity,  since  in  doubling  the  speed  four  times, 
the  power  must  be  expended  in  overcoming  the  atmo- 
spheric resistance  in  half  the  time.  At  low  speeds, 
the  resistance  does  not  increase  very  rapidly ;  but  at 
high  speeds,  as  the  rapid  increase  in  the  atmospheric 
resistance  causes  the  main  resistance  to  be  that  arising 
from  the  atmosphere,  the  total  resistance  will  vary 
nearly  as  the  square  of  the  velocity.  Thus  the  resist- 
ance of  a  train,  including  locomotive  and  tender,  will, 
at  15  miles  an  hour,  be  about  9*3  lbs.  per  ton ;  at  30 
miles  an  hour  it  will  be  13*2  lbs.  per  ton ;  and  at  60 
miles  an  hour  29  lbs.  per  ton.  If  we  suppose  the  same 
law  of  progression  to  continue  up  to  120  miles  an  hour. 
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tho  resistance  at  tbat  speed  will  be  92*2  lbs.  per  too, 
and  at  240  miles  an  hour  the  resistance  will  be 
344-8  lbs.  per  ton.  Thus,  in  doubling  the  speed  from 
60  to  120  miles  per  hour,  the  resistance  does  not  fall 
mach  short  of  being  increased  fourfold,  and  the  same 
remark  applies  to  the  increase  of  the  speed  from  120 
to  240  miles  an  hour.  These  deductions  and  other 
deductions  from  Mr.  6ooch*8  experiments  on  the 
resistance  of  railway  trains,  are  fully  discussed  by 
Mr.  Clark,  in  his  Treatise  on  railway  machinery,  who 
gives  the  following  rule  for  ascertaining  the  resistance 
of  a  train,  supposing  the  line  to  be  in  good  order,  and 
free  from  curres : — To  find  the  total  resistance  of  the 
engine,  tender,  and  train  in  pounds  per  ton,  at  any 
given  speed.  Square  the  speed  in  miles  per  hour; 
divide  it  by  171,  and  add  8  to  the  quotient.  The 
result  is  the  total  resistance  at  the  rails  in  lbs.  per  ton. 

600.  Q.  —  How  comes  it,  that  the  resistance  of 
fluids  increases  as  the  square  of  the  velocity,  instead 
of  the  velocity  simply  ? 

A. — Because  the  height  necessary  to  generate  the 
velocity  with  which  the  moving  object  strikes  the 
fluid,  or  the  fluid  strikes  the  object,  increases  as  the 
square  of  the  velocity,  and  the  resistance  or  the  weight 
of  a  column  of  any  fluid  varies  as  the  height 
A  falling  body,  as  has  been  already  explained,  to  have 
acquired  twice  the  velocity,  must  have  faUen  through 
four  times  the  height ;  the  velocity  generated  by  a 
column  of  any  fluid  is  equal  to  that  acquired  by  a  body 
falling  through  the  height  of  the  column ;  and  it  is 
therefore  clear,  that  the  pressure  due  to  any  given 
velocity  must  be  as  the  square  of  that  velocity,  the 
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pressure  being  in  every  case  as  twice  the  altitude 
of  the  column.  The  work  done,  however,  by  a  stream 
of  air  or  other  fluid  in  a  given  time,  will  vary  as  the 
cube  of  the  velocity ;  for  if  the  velocity  of  a  stream  of 
air  be  doubled,  there  will  not  only  be  four  times  the 
pressure  exerted  per  square  foot^  but  twice  the  quan- 
tity of  air  wiU  be  employed ;  and  in  windmills,  accord- 
ingly, it  is  found,  that  the  work  done  varies  nearly  as 
the  cube  of  the  velocity  of  the  wind.  If,  however,  the 
work  done  by  a  given  quantity  of  air  moving  at  dif- 
ferent speeds  be  considered,  it  will  vary  as  the  squares 
of  the  speeds. 

501.  Q. — But  in  a  case  where  there  is  no  work 
done,  and  the  resistance  varies  as  the  square  of  the 
speed,  should  not  the  power  requisite  to  overcome  that 
resistance  vary  as  the  square  of  the  speed  ? 

A. — It  should  if  you  consider  the  resistance  over  a 
given  distance,  and  not  the  resistance  during  a  given 
time.  Supposing  the  resistance  of  a  railway  train  to 
increase  as  the  square  of  the  speed,  it  would  take  four 
times  the  power,  so  far  as  atmospheric  resistance  ia 
concerned,  to  accomplish  a  mile  at  the  rate  of  60  miles 
an  hour,  that  it  would  take  to  accomplish  a  mile  at  30 
miles  an  hour ;  but  in  the  former  case  there  would  be 
twice  the  number  of  miles  accomplished  in  the  same 
time,  so  that  when  the  velocity  of  the  train  was 
doubled,  we  should  require  an  engine  that  was  capable 
of  overcoming  four  times  the  resistance  at  twice  the 
speed,  or  in  other  words,  that  was  capable  of  exerting 
eight  times  the  power,  so  far  as  regards  the  element 
of  atmospheric  resistance.  We  know  by  experience^ 
however^  that  it  is  easier  to  attain  high  speeds  on  rail- 
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ways  than  in  steam  vessels,  where  the  resistance  does 
increase  nearly  as  the  square  of  the  speed. 

502.  Q. — Will  you  describe  generally  the  arrange- 
ment of  a  locomotive  engine  ? 

A. — The  boiler  and  engine  are  hang  upon  a  frame- 
work set  on  wheels,  and,  together  with  this  frame  or 
carriage,  constitute  what  is  commonly  called  the  loco- 
motive. Behind  the  locomotive  runs  another  carriage, 
called  the  tender,  for  holding  coke  and  water.  A 
common  mode  of  connecting  the  engine  and  tender  is 
by  means  of  a  rigid  bar,  with  an  eye  at  each  end 
through  which  pins  are  passed.  Between  the  engine 
and  tender,  however,  buffers  should  always  be  inter- 
posed, as  their  pressure  contributes  greatly  to  pre- 
vent oscillation  and  other  irregular  motions  of  the 
engine. 

503.  Q.  —  How  is  the  framing  of  a  locomotive 
usually  constructed  ? 

A, — All  locomotives  are  now  made  with  the  framing 
which  supports  the  machinery  situated  within  the 
wheels ;  but  for  some  years  a  vehement  controversy 
ve'as  muntained  respecting  the  relative  merits  of  out- 
side and  inside  framing,  which  has  terminated,  how- 
ever^ in  the  universal  adoption  of  the  inside  framing. 
It  is  difficult,  in  engines  intended  for  the  narrow 
gauge,  to  get  cylinders  within  the  framing  of  suffi- 
cient diameter  to  meet  the  exigencies  of  railway  loco- 
motion ;  by  casting  both  cylinders  in  a  piece,  however, 
a  considerable  amount  of  room  may  be  made  available 
to  increase  their  diameters.  It  is  very  desirable  that 
the  cylinders  of  locomotives  should  be  as  large  as 
possible,  so  that  expansion  may  be  adopted  to  a  large 
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extent ;  and  with  anj  given  speed  of  piston,  the  power 
of  an  engine  either  to  draw  heavy  loads,  or  achieve 
high  velocities,  will  be  increased  with  everj  increase 
of  the  dimensions  of  the  cylinder.  The  framing  of 
locomotives,  to  which  the  boiler  and  machinery  are 
attached,  and  which  rests  upon  the  springs  situated 
above  the  axles,  is  formed  generally  of  malleable  iron, 
but  in  some  engines  the  side  frames  consist  of  oak 
with  iron  plates  riveted  on  each  side.  The  guard 
plates  are  in  these  cases  generally  of  equal  length,  the 
frames  being  curved  upwards  to  pass  over  the  driving 
axle.  Hard  cast  iron  blocks  are  riveted  between  the 
guard  plates  to  serve  as  guides  for  the  axle  bushes. 
The  side  frames  are  connected  across  at  the  ends,  and 
cross  stays  are  introduced  beneath  the  boiler  to  stifiEen 
the  frame  sideways,  and  prevent  the  ends  of  the  con- 
necting or  eccentric  rods  from  falling  down  if  they 
should  be  broken. 

604.  Q.  —  What  is  the  nature  and  arrangement  of 
the  springs  of  locomotives  ? 

A. —  The  springs  are  of  the  ordinary  carriage  kind, 
with  plates  connected  at  the  centre,  and  allowed  to 
slide  on  each  other  at  their  ends.  The  upper  plate 
terminates  in  two  eyes,  through  each  of  which  passes 
a  pin,  which  also  passes  through  the  jaws  of  the  bridle, 
connected  by  a  double  threaded  screw  to  another 
bridle,  which  is  jointed  to  the  framing ;  the  centre  of 
the  spring  rests  upon  the  axle  box.  Sometimes  the 
springs  are  placed  between  the  guard  plates,  and 
below  the  framing  which  rests  upon  their  extremities. 
One  species  of  spring  which  has  gained  a  considerable 
introduction,  consists  of  a  number  of  flat  steel  plates 
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with  a  piece  of  metal  or  other  substance  interposed 
between  them  at  the  centre,  leaving  the  ends  standing 
apart.  It  would  be  preferable,  perhaps,  to  make  the 
plates  of  a  common  spring  with  different  carves,  so 
that  the  leaves,  though  in  contact  at  the  centre,  would 
not  be  in  contact  at  the  ends  with  light  loads,  but 
would  be  brought  into  contact  gradually,  as  the  strain 
comes  on :  a  spring  would  thus  be  obtained  that  was 
suitable  for  all  bads. 

506.  Q.  —  What  is  the  difference  between  inside 
and  outside  cylinder  engines  ? 

A,  —  Outside  cylinders  are  so  designated  when 
placed  upon  the  outside  of  the  framing,  with  their 
connecting  rods  operating  upon  pins  in  the  driving 
wheels ;  while  the  inside  cylinders  are  situated  within 
the  framing,  and  the  connecting  rods  attach  themselves 
to  cranks  in  the  driving  axle. 

506.  Q.  —  Whether  are  inside  or  outside  cylinder 
engines  to  be  preferred  ? 

A.  —  A  diversity  of  opinion  obtains  as  to  thd  rela- 
tive merits  of  outside  and  inside  cylinders.  The  chief 
objection  to  outside  cylinders  is,  that  they  occasion  a 
sinuous  motion  in  the  engine  which  is  apt  to  send  the 
train  off  the  rails ;  but  this  action  may  be  made  less 
perceptible  or  be  remedied  altogether,  by  placing  a 
weight  upon  one  side  of  the  wheels,  the  momentum  of 
which  will  just  balance  the  momentum  of  the  piston 
and  its  connections.  The  sinuous  or  rocking  motion 
of  locomotives  is  traceable  to  the  arrested  momentum 
of  the  piston  and  its  attachments  at  every  stroke  of 
the  engine,  and  the  effect  of  the  pressure  thus  created 
will  be  more  operative  in  inducing  oscillation  the  fkr* 
z  2 
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ther  it  is  exerted  from  the  central  line  of  the  engine. 
If  hoth  cylinders  were  set  at  right  angles  ii\the  centre 
of  the  carriage,  and  the  pistons  were  both  attached  to 
a  central  crank,  there  would  be  no  oscillation  pro- 
duced ;  or  the  same  effect  would  be  realised  by  placing 
one  cylinder  in  the  centre  of  the  carriage,  and  two  at 
the  sides  —  the  pistons  of  the  side  cylinders  moving 
simultaneously:  but  it  is  impossible  to  couple  the 
piston  of  an  upright  cylinder  direct  to  the  axle  of  a 
locomotive,  without  causing  the  springs  to  work  up 
and  down  with  every  stroke  of  the  engine :  and  the 
use  of  three  cylinders,  though  adopted  in  some  of 
Stephenson's  engines,  involves  too  much  complication 
to  be  a  beneficial  innovation. 

^07.  Q. — Whether  are  four-wheeled  or  six-wheeled 
engines  preferable  ? 

A.  —  Much  controversial  ingenuity  has  been  ex- 
pended upon  the  question  of  the  relative  merits  of  the 
four  and  six-wheeled  engines ;  one  party  maintaining 
that  four-wheeled  engines  are  most  unsafe,  and  the 
other  that  six-wheeled  engines  are  unmechanical,  and 
are  more  likely  to  occasion  accidents.  The  foar- 
wheeled  engines,  however,  appear  to  have  been 
charged  with  faults  that  do  not  really  attach  to  them 
when  properly  constructed ;  for  it  by  no  means  follows 
that  if  the  axle  of  a  four-wheeled  engine  breaks,  or 
even  altogether  comes  away,  that  the  engine  must  fall 
down  or  run  off  the  line ;  inasmuch  as,  if  the  engine 
be  properly  coupled  with  the  tender,  it  has  the  tender 
to  sustain  it  It  is  obvious  enough,  that  such  a  con* 
nection  may  be  made  between  the  tender  and  the 
engine^  that  either  the  fore  or  hind  axle  of  the  engine 
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may  be  taken  away,  and  yet  the  engine  will  not  fall 
down>  but  will  be  kept  np  by  the  support  which  the 
tender  affords ;  and  the  arguments  hitherto  paraded 
against  the  four-wheeled  engines  are,  so  far  as  regards 
the  question  of  safety,  nothing  more  than  arguments 
against  the  existence  of  the  suggested  connection.  It 
is  no  doubt  the  fact,  that  locomotive  engines  are  now 
becoming  too  heavy  to  be  capable  of  being  borne  on 
four  wheels  at  high  speeds  without  injury  to  the  rails ; 
but  the  objection  of  damage  to  the  rails  applies  with 
at  least  equal  force  to  most  of  the  six-wheeled  engines 
hitherto  constructed,  as  in  those  engibes  the  engineer 
had  the  power  of  putting  nearly  all  the  weight  upon 
the  driving  wheels  ;  and  if  the  rail  ba  wet  or  greasy, 
there  is  a  great  temptation  to  increase  the  bite  of 
those  wheels  by  screwing  them  down  more  firmly 
upon  the  rails.  A  greater  strain  is  thus  thrown  upon 
the  rail  than  can  exist  in  the  case  of  any  equally 
heavy  four-wheeled  engine ;  and  the  engine  is  made 
very  unsafe,  as  a  pitching  motion  will  inevitably  be 
induced  at  high  speeds,  when  an  engine  is  thus  poised 
upon  the  central  driving  wheels,  and  there  will  also 
be  more  of  the  rocking  or  sinuous  motion.  Locomo- 
tives, however,  intended  to  achieve  high  speeds  or  to 
draw  heavy  loads,  mre  now  generally  made  with  eight 
wheels,  and  in  some  cases  the  driving  wheels  are 
placed  at  the  end  of  the  engine  instead  of  in  the 
middle. 

608.  Q. —  As  the  question  of  the  locomotive  boiler 
has  been  already  disposed  of  in  discussing  the  question 
of  boilers  in  general,  it  now  only  remains  to  inquire 
into  the  subject  of  the  engine^  and  we  may  commence 
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with  the  cylinders.  Will  you  state  the  arrangement 
and  construction  of  the  cylinders  of  a  locomotive  and 
their  connections  ? 

A, — The  cylinders  are  placed  in  the  same  horizontal 
plane  as  the  axle  of  the  driving  wheel%  and  the  con- 
necting rod  which  is  attached  to  the  piston  rod  en- 
gages either  a  crank  in  the  driving  axle  or  a  pin  in 
the  driving  wheel,  according  as  the  cylinders  are 
inside  or  outside  of  the  framework.  The  cylin- 
ders are  generally  made  an  inch  longer  than  the 
stroke,  or  there  is  half  an  inch  of  clearance  at  each 
end  of  the  cylinder,  to  permit  the  springs  of  the 
vehicle  to  act  without  causing  the  piston  to  strike  the 
top  or  bottom  of  the  cylinder.  The  thickness  of 
metal  of  the  cylinder  ends  is  usually  about  a  third 
more  than  the  thickness  of  the  cylinder  itself,  and 
both  ends  are  generally  made  removable.  The 
priming  of  the  boiler,  when  it  occurs,  is  very  injurious 
to  the  cylinders  and  valves  of  locomotives,  especially  if 
the  water  be  sandy,  as  the  grit  carried  over  by  the  steam 
wears  the  rubbing  surfaces  rapidly  away.  The  face 
of  the  cylinder  on  which  the  valve  works  is  raised  a 
little  above  the  metal  around  it,  both  to  facilitate  the 
operation  of  forming  the  face  and  with  the  view  of 
enabling  any  foreign  substance  deposited  on  the  face 
to  be  pushed  aside  by  the  valve  into  the  less  elevated 
part,  where  it  may  lie  without  occasioning  any  further 
disturbance.  The  valve  casing  is  sometimes  caat 
upon  the  cylinder,  and  it  is  generally  covered  with  a 
door  which  may  be  removed  to  permit  the  inspection 
of  the  faces.  In  some  valve  casings  the  top  as  well  as 
the  back   is   removable,  which  admits  of  the  valve 
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and  valve  bridle  being  removed  with  greater  facility. 
A  cock  is  placed  at  each  end  of  locomotive  cylinders, 
to  allow  the  water  to  be  discharged  which  accumulates 
in  the  cylinder  from  priming  or  condensation;  and 
the  four  cocks  of  the  two  cylinders  are  usually  con- 
nected together,  so  that  by  turning  a  handle  the 
whole  are  opened  at  once*  In  Stephenson's  engines, 
however,  with  variable  expansion,  there  is  but  one 
cock  provided  for  this  purpose,  which  is  on  the  bottom 
of  the  valve  chest. 

509.  Q.  —  What  kind  of  piston  is  used  in  locomo- 
tives? 

A, — The  variety  of  pistons  employed  in  locomotives 
is  very  great,  and  sometimes  even  the  more  compli- 
cated kinds  are  found  to  work  very  satisfactorily; 
but,  in  general,  those  pistons  which  consist  of  a  single 
ring  and  tongue  piece,  or  of  two  single  rings  set  one 
above  the  other,  so  as  to  break  joint,  are  preferable  to 
those  which  consist  of  many  pieces.  In  Stephenson's 
pistons  the  screws  were  at  one  time  liable  to  work 
slack,  and  the  springs  to  break. 

510,  Q. — Will  you  explain  the  connection  of  the 
piston  rod  with  the  connecting  rod  ? 

A, — The  piston  rods  of  all  engines  are  now  gene- 
rally either  case  hardened  very  deeply,  or  are  made  of 
steel ;  and  in  locomotive  engines  the  diameter  of  the 
piston  rod  is  about  one-seventh  of  the  diameter  of  the 
cylinder,  and  it  is  formed  of  tilted  steel.  The  cone  of 
the  piston  rod,  by  which  it  is  attached  to  the  piston, 
is  turned  the  reverse  way  to  that  which  is  adopted  in 
common  engines,  with  the  view  of  making  the  cutter 
mere  accessible  from  the  bottom  of  the  cylinder,  which 
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is  made  to  come  off  like  a  door.  The  top  of  the  piston 
rod  is  secured  with  a  cutter  into  a  socket  with  jaws, 
through  the  holes  of  which  a  cross  head  passes,  which 
is  embraced  between  the  jaws  by  the  small  end  of  the 
connecting  rod,  while  the  ends  of  the  cross  head  move 
in  guides.  Between  the  piston  rod  clutch  and  the 
guide  blocks,  the  feed  pump  rod  joins  the  cross  head 
in  some  engines. 

611.  Q. — What  kind  of  guides  is  employed  for  the 
end  of  the  piston  rod  ? 

^.— ^The  guides  are  formed  of  steel  plates  attached 
to  the  framing,  between  which  work  the  guide  blocks, 
fixed  on  the  ends  of  the  cross  head,  which  have  flanges 
bearing  against  the  inner  edges  of  the  guides.  Steel 
or  brass  guides  are  better  than  iron  ones :  Stephenson 
and  Hawthorn  attach  their  guides  at  one  end  to  a 
cross  stay,  at  the  other  to  lugs  on  the  cylinder  cover  ; 
and  they  are  made  stronger  in  the  middle  than  at  the 
ends.  Stout  guide  rods  of  steel,  encircled  by  stuffing 
boxes  on  the  ends  of  the  cross  head,  would  probably  be 
found  superior  to  any  other  arrangement.  The  staff- 
ing boxes  might  contain  conical  bushes,  cut  spirally, 
in  addition  to  the  packing,  and  a  ring,  cut  spirally, 
might  be  sprung  upon  the  rod  and  fixed  in  advance  of 
the  stuffing  box,  with  lateral  play  to  wipe  the  rod 
before  entering  the  stuffing  box,  to  prevent  it  from 
being  scratched  by  the  adhesion  of  dust 

512.  Q. — Is  any  provision  made  for  keeping  the 
connecting  rod  always  of  the  same  length  ? 

A. — In  every  kind  of  locomotive  it  is  very  desirable 
that  the  length  of  the  connecting  rod  should  remain 
invariable,  in  spite  of  the  wear  of  the  brasses,  for  there 
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is  a  danger  of  the  piston  striking  against  the  cover  of 
the  cylinder  if  it  be  shortened,  as  the  clearance  is  left 
as  small  as  possible  in  order  to  economise  steam.  In 
some  engines  the  strap  encircling  the  crank  pin  is  fixed 
immovably  to  the  connecting  rod  by  dovetailed  keys, 
and  a  bolt  passes  through  the  keys,  rod,  and  strap,  to 
prevent  the  dovetail  keys  from  working  out.  The 
brass  is  tightened  by  a  gib  and  cutter,  which  is  kept 
from  working  loose  by  three  pinching  screws  and  a 
cross  pin  or  cutter  through  the  point.  The  effect  of 
this  arrangement  is  to  lengthen  the  rod,  but  at  the 
cross  head  end  of  the  rod  the  elongation  is  neutralised 
by  making  the  strap  loose,  so  that  in  tightening  the 
brass  the  rod  is  shortened  by  an  amount  equal  to  its 
elongation  at  the  crank  pin  end.  The  tightening 
here  is  also  effected  by  a  gib  and  cutter,  which  is  kept 
from  working  loose  by  two  pinching  screws  pressing 
on  the  side  of  the  cutter.  Both  journals  of  the  con- 
necting rod  are  furnished  with  oil  cups,  having  a 
small  tube  in  the  centre  with  siphon  wicks.  The 
connecting  rod  is  a  thick  flat  bar,  with  its  edges 
rounded. 

513.  Q. — How  is  the  cranked  axle  of  locomotives 
constructed  ? 

^.  — The  cranked  axle  of  locomotives  is  always 
made  of  wrought  iron,  with  two  cranks  forged  upon 
it  towards  the  middle  of  its  length,  at  a  distance  from 
each  other  answerable  to  the  distance  between  the 
cylinders.  Bosses  are  made  on  the  axle  for  the 
wheels  to  be  keyed  upon,  and  bearings  for  the  support 
of  the  framing.  The  axle  is  usually  forged  in  two 
pieces,  which  are  afterwards  welded  together.    Some- 
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times  the  pieces  for  the  cranks  are  pat  on  separatdj, 
bat  the  cranks  so  made  are  liable  to  give  way.  In 
engines  with  outside  cylinders  the  axles  are  made 
straight — the  crank  pins  being  inserted  in  the  naves 
of  the  wheels.  The  bearings  to  which  the  connecting 
rods  are  attached  are  made  with  very  large  fillets  in 
the  corners,  so  as  to  strengthen  the  axle  in  that  part, 
and  to  obviate  side  play  in  the  connecting  rod.  In 
engines  which  have  been  in  use  for  some  time,  how- 
ever, there  is  generally  a  good  deal  of  end  play  in  the 
bearings  of  the  axles  themselves,  and  tlds  slackness 
contributes  to  make  the  oscillation  of  the  engine  more 
violent ;  but  this  evil  may  be  remedied  by  making  the 
bearings  spheroidal,  whereby  end  play  becomes  im- 
possible. 

614.  Q. —  How  are  the  bearings  of  the  axles  ar- 
ranged ? 

A, — The  axles  bear  only  against  the  top  of  the  axle 
boxes,  which  are  generally  of  brass;  but  a  plate 
extends  underneath  the  bearing,  to  prevent  sand  from 
being  thrown  upon  it.  The  upper  part  of  the  box  in 
most  engines  has  a  reservoir  of  oil,  which  is  supplied 
to  the  journal  by  tubes  with  siphon  wicks.  Stephen- 
son uses  cast  iron  axle  boxes  with  brasses,  and  grease 
instead  of  oil;  and  the  grease  is  fed  upon  the  joarnal 
by  the  heat  of  the  bearing  melting  it,  whereby  it  is 
made  to  flow  down  through  a  hole  in  the  brass.  Any 
engines  constructed  with  outside  bearings  have  inside 
bearings  also,  which  are  supported  by  longitudinal 
bars,  which  serve  also  in  some  cases  to  support  the 
piston  guides ;  these  bearings  are  sometimes  made  so 
as  not  to  touch  the  axles  unless  they  break. 
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615.  Q. — How  are  the  eccentrics  of  a  locomotive 
coDStructed  ? 

A. — In  locomotives  the  body  of  the  eccentric  is  of 
cast  iron,  in  inside  cylinder  engines  the  eccentrics  are 
set  on  the  axle  between  the  cranks,  and  thej  are  put 
on  in  two  pieces  held  together  by  bolts;  but  in 
straight  axle  engines  the  eccentrics  are  cast  in  a  piece, 
and  are  secured  on  the  shaft  by  means  of  a  key.  The 
eccentric,  when  in  two  pieces,  is  retained  at  its  proper 
angle  on  the  shaft  by  a  pinching  screw,  which  is  pro- 
vided with  a  jam  nut  to  prevent  it  from  working 
loose.  A  piece  is  left  out  of  the  eccentric  in  casting 
it  to  allow  of  the  screw  being  inserted,  and  the  void 
is  afterwards  filled  by  inserting  a  dovetailed  piece  of 
metal.  Stephenson  and  Hawthorn  leave  holes  in 
their  eccentrics  on  each  side  of  the  central  arm,  and 
they  apply  pinching  screws  in  each  oi  these  holes. 
The  method  of  fixing  the  eccentric  to  the  shaft  by 
a  pinching  screw  is  scarcely  sufficiently  substantial ; 
and  cases  are  perpetually  occurring,  when  this  method 
of  attachment  is  adopted,  of  eccentrics  shifting  from 
their  place.  In  the  modern  engines  the  eccentrics  are 
forged  on  the  axles. 

516.  Q. — How  are  the  eccentric  straps  constructed? 

A,  —  The  eccentric  hoops  are  generally  of  wrought 
iron,  as  brass  hoops  are  found  liable  to  break.  When 
formed  of  malleable  iron,  one  half  of  the  strap  is 
forged  with  the  rod,  the  other  half  being  secured  to  it 
by  bolts,  nuts,  and  jam  nuts.  Pieces  of  brass  are,  in 
some  cases,  pinned  within  the  malleable  iron  hoop ;  but 
it  appears  to  be  preferable  to  put  brasses  within  the 
hoop  to  encircle  the  eccentric,  as  in  the  case  of  any 
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Other  bearing.  Wlien  brass  straps  are  used,  the  lags 
have  generally  nuts  on  both  sides,  so  that  the  length 
of  the  eccentric  rod  maj  be  adjusted  bj  their  means  to 
the  proper  length ;  but  it  is  better  for  the  lags  of  the 
hoops  to  abut  against  the  necks  of  the  screws,  and,  if 
any  a^'u9tment  be  necessary  from  the  wear  of  the 
straps,  washers  can  be  interposed.  In  some  engines 
the  adjustment  is  effected  by  screwing  the  valve  rod, 
and  the  cross  head  through  which  it  passes  has  a  nut 
on  either  side  of  it,  by  which  its  position  upon  the 
valve  rod  is  determined. 

517.  Q —  Will  you  describe  the  eccentric  rod  and 
valve  levers  ? 

A,  —  In  the  engines  in  use  before  the  introduction 
of  the  link  motion,  the  forks  of  the  eccentric  rod  were 
of  steel,  and  the  length  of  the  eccentric  rod  was  the 
distance  between  the  centre  of  the  crank  axle  and  the 
centre  of  the  valve  shaft ;  but  in  modem  engines  the 
use  of  the  link  motion  is  universal  The  valve  lever 
in  locomotives  is  usually  longer  than  the  eccentric 
lever,  to  increase  the  travel  of  the  valve,  if  levers  are 
employed  ;  but  it  is  better  to  connect  the  valve  rod 
to  the  link  of  the  link  motion  without  the  intervention 
of  levers.  The  pins  of  the  eccentric  lever  in  the  old 
engines  used  to  wear  quickly ;  Stephenson  used  to  put 
a  ferule  of  brass  on  these  pins,  which  being  loose,  and 
acting  like  a  roller,  facilitated  the  throwing  in  and  oat 
of  gear,  and  when  worn  could  easily  be  replaced,  so 
that  there  was  no  material  derangement  of  the  motion 
of  the  valve  from  play  in  this  situation. 

618.  Q.  — >  What  is  the  arrangement  of  a  starting 
lever? 
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A. — The  starting  lever  travels  between  two  iron 
segments,  and  can  be  fixed  in  any  desired  position. 
This  is  done  by  a  small  catch  or  bell  crank,  jointed  to 
the  bottom  of  the  handle  at  the  end  of  the  lever,  and 
coming  up  by  the  side  of  the  handle,  but  pressed  out 
from  it  by  a  spring.  The  smaller  arm  of  this  bell 
crank  is  jointed  to  a  bolt,  which  shoots  into  notches, 
made  in  one  of  the  segments  between  which  the  lever 
moves.  By  pressing  the  bell  crank  against  the  handle 
of  the  lever  the  bolt  is  withdrawn,  and  the  lever  may 
be  shifted  to  any  other  point,  when,  the  spring  being 
released,  the  bolt  flies  into  the  nearest  notch. 

519.  Q. —  In  what  way  does  the  starting  handle  act 
on  the  machinery  of  the  engine  to  set  it  in  motion  ? 

A,  —  Its  whole  action  lies  in  raising  or  depressing 
the  link  of  the  link  motion  relatively  with  the  valve 
rod.  If  the  valve  rod  be  attached  to  the  middle  of  the 
link,  the  valve  will  derive  no  motion  from  it  at  all, 
and  the  engine  will  stop.  If  the  attachment  be  slipped 
to  one  end  of  the  link  the  engine  will  go  ahead,  and  if 
slipped  to  the  other  end  it  will  go  astern.  The  start- 
ing handle  merely  achieves  this  change  of  position. 

620.  Q. — Will  you  explain  the  operation  of  setting 
the  valve  of  a  locomotive  ? 

A. — In  setting  the  valves  of  locomotives,  place  the 
crank  in  the  position  answerable  to  the  end  of  the 
stroke  of  the  piston,  and  draw  a  straight  line,  repre* 
senting  the  centre  line  of  the  cylinder,  through  the 
centres  of  the  crank  shaft  and  crank  pin.  From  the 
centre  of  the  shaft  describe  a  circle  with  the  diameter 
equal  to  the  throw  of  the  valve  ;  another  circle  to  re- 
present the  crank  shaft ;  and  a  third  circle  to  repre* 
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sent  the  path  of  the  crank  pin.  From  the  centre  of 
the  crank  shaft,  draw  a  line  perpendicular  to  the  centre 
line  of  the  cylinder  and  crank  shaft,  and  draw  another 
perpendicular  at  a  distance  from  the  first  equal  to  the 
amount  of  the  lap  and  the  lead  of  the  valve :  the  points 
in  which  this  line  intersects  the  circle  of  the  eccentric 
are  the  points  in  which  the  centre  of  the  eccentric 
should  be  placed  for  the  forward  and  reverse  motions. 
When  the  eccentric  rod  is  attached  directly  to  the 
valve,  the  radius  of  the  eccentric,  which  precedes  the 
crank  in  its  revolution,  forms  with  the  crank  an  ob- 
tuse angle ;  but  when,  by  the  intervention  of  levers, 
the  valve  has  a  motion  opposed  to  that  of  the  eccentric 
rod,  the  angle  contained  by  the  crank  and  the  radius 
of  the  eccentric  must  be  acute,  and  the  eccentric  must 
follow  the  crank:  in  other  words,  with  a  direct  at- 
tachment to  the  valve  the  eccentric  is  set  more  than 
one-fourth  of  a  revolution  in  advance  of  the  crank,  and 
with  an  indirect  attachment  the  eccentric  is  set  less 
than  one-fourth  of  a  circle  behind  the  crank.  If  the 
valve  were  without  lead  or  lap  the  eccentric  would  be 
exactly  one-fourth  of  a  circle  in  advance  of  the  crank 
or  behind  the  crank,  according  to  the  nature  of  the 
valve  connection ;  but  as  the  valve  would  thus  cover 
the  port  by  the  amount  of  the  lap  and  lead,  the  eccen- 
tric must  be  set  forward  so  as  to  open  the  port  to  the 
extent  of  the  lap  and  lead,  and  this  is  effected  by  the 
plan  just  described. 

621.  Q.  —  In  the  event  of  the  eccentrics  slipping 
round  upon  the  shaft,  which  you  stated  sometimes 
happens,  is  it  necessary  to  perform  the  operation  of 
setting  the  valve  as  you  have  just  described  it  ? 
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An  —  If  tbe  eccentrics  shift  upon  the  shaft,  they 
may  be  easily  refixed  by  setting  the  valve  open  the 
amount  of  the  lead,  setting  the  crank  at  the  end  of  the 
stroke,  and  bringing  round  the  eccentric  upon  the 
shaft  till  the  eccentric  rod  gears  with  the  valve.  It 
would  often  be  troublesome  in  practice  to  get  access 
to  the  valve  for  the  purpose  of  setting  it,  and  this 
may  be  dispensed  with  if  the  amount  of  lap  on  the 
valve  and  the  length  of  the  eccentric  rod  be  known. 
To  this  end  draw  upon  a  board  two  straight  lines  at 
right  angles  to  one  another,  and  from  their  point  of 
intersection  as  a  centre  describe  two  circles,  one  re- 
presenting the  circle  of  the  eccentric,  the  other  the 
crank  shaft ;  draw  a  straight  line  parallel  to  one  of 
the  diameters,  and  distant  from  it  the  amount  of  the 
lap  and  the  lead :  the  points  in  which  this  parallel  in- 
tersects the  circle  of  the  eccentric  are  the  positions  of 
the  forward  and  backward  eccentrics.  Through  these 
points  draw  straight  lines  from  the  centre  of  the  circle, 
and  mark  the  intersection  of  these  lines  with  the 
circle  of  the  crank  shaft;  measure  with  a  pair  of  com- 
passes the  chord  of  the  arc  intercepted  between  either 
of  these  points,  and  the  diameter  which  is  at  right 
angles  with  the  crank,  and  the  diameters  being  first 
marked  on  the  shaft  itself,  then  by  transferring  with 
the  compasses  the  distance  found  in  the  diagram,  and 
marking  the  point,  the  eccentric  may  at  any  time  be 
adjusted  without  difficulty. 

522.  Q.  —  Will  you  describe  the  structure  and  ar- 
rangement of  the  feed  pumps  of  locomotive  engines  ? 

A, — The  feed  pumps  of  locomotives  are  generally 
made  of  brass,  but  the  plungers  are  sometimes  made 
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of  iron,  and  are  generally  attached  to  the  piston  crosi 
head,  though  in  Stephenson's  engines  thej  are  worked 
by  rods  attached  to  eyes  on  the  eccentric  hoops.  There 
is  a  ball  valve  between  the  pump  and  the  tender,  and 
two  usually  in  the  pipe  leading  from  the  pump  to  the 
boiler,  besides  a  cock  close  to  the  boiler,  by  which  the 
pump  may  be  shut  off  from  the  boiler  in  case  of  any 
accident  to  the  valves.  The  ball  valves  are  guided 
by  four  branches,  which  rise  vertically,  and  join  to- 
gether at  the  top  in  a  hemispherical  form.  The  shocks 
of  the  ball  against  this  cap  have  in  some  cases  broken 
it  after  one  week's  work,  from  the  top  of  the  cage 
having  been  flat,  and  the  branches  not  having  had 
their  junction  at  the  top  properly  filleted.  These 
valve  guards  are  attached  in  different  ways  to  the 
pipes ;  when  one  occurs  at  the  junction  of  two  pieces 
of  pipe  it  has  a  flange,  which  along  with  the  flanges  of 
the  pipes  and  that  of  the  valve  seat  are  held  together 
by  a  union  joint  It  is  sometimes  formed  with  a 
thread  at  the  under  end,  and  screwed  into  the  pipe. 
The  balls  are  cast  hollow  to  lessen  the  shock,  as  well 
as  to  save  the  metaL  In  some  cases  where  the  feed 
pump  plunger  has  been  attached  to  the  cross  head, 
the  piston  rod  has  been  bent  by  the  strain ;  and  that 
must  in  all  cases  occur,  if  the  communication  between 
the  pump  and  boiler  be  closed  when  the  engine  is 
started,  and  there  be  no  escape  valve  for  the  water. 

523.  Q.  —  Are  none  but  ball  valves  used  in  the 
feed  pump  ? 

A.  —  Spindle  valves  have  in  some  cases  been  used 
instead  of  ball  valves,  but  they  are  more  subject  to 
derangement;  but  piston  valves,  so  contrived  as  to 
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shut  a  portion  of  water  in  the  cage  when  about  to 
close,  might  be  adopted  with  a  great  diminution  of 
the  sudden  shock.  In  all  spindle  valves  opened  and 
shut  rapidlj,  it  is  advisable  to  have  the  lower  surface 
conical,  to  take  off  the  shock  of  the  water ;  and  a 
large  lift  of  the  valve  should  be  prevented,  else  much 
of  the  water  during  the  return  stroke  of  the  pump 
will  flow  out  before  the  valve  shuts.  Giffard's 
injectors  are  now  very  generally  employed  to  feed 
boilers,  instead  of  pumps,  as  stated  in  the  introduction 
to  the  present  work. 

524.  Q.  —  At  what  part  of  the  boiler  is  the  feed 
water  admitted  ? 

A.  —  The  feed  pipe  of  most  locomotive  engines 
enters  the  boiler  near  the  bottom  and  about  the  middle 
of  its  length.  In  Stephenson's  engine  the  water  is  let 
in  at  the  smoke  box  end  of  the  boiler,  a  little  below 
the  water  level ;  by  this  means  the  heat  is  more  fully 
extracted  from  the  escaping  smoke,  but  the  arrange- 
ment is  of  questionable  applicability  to  engines  of 
which  the  steam  dome  and  steam  pipe  are  at  the  smoke 
box  end,  as  in  that  case  the  entering  cold  water  would 
condense  the  steam. 

525.  Q. —  How  are  the  pipes  connecting  the  tender 
and  locomotive  constructed,  so  as  to  allow  of  play  be- 
tween the  engine  and  tender  without  leakage  ? 

A,  —  The  pipes  connecting  the  tender  with  the 
pumps  should  aUow  access  to  the  valves  and  free  mo- 
tion to  the  engine  and  tender.  This  end  is  attained 
by  the  use  of  ball  and  socket  joints ;  and,  to  allow 
some  end  play,  one  piece  of  the  pipe  slides  into  the 
other  like  a  telescope,  and  is  kept  tight  by  means  of  a 
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Stuffing  box.  Any  pipe  joint  between  the  engine  and 
tender  must  be  made  in  this  fashion. 

526.  Q.  —  Have  you  any  suggestion  to  make  re- 
specting the  arrangement  of  the  feed  pump  ? 

A*  —  It  would  be  a  material  improvement  if  a  feed 
pump  was  to  be  set  in  the  tender  and  worked  by 
means  of  a  small  engine,  such  as  that  now  used  in 
steam  vessels  for  feeding  the  boilers.  The  present 
action  of  the  feed  pumps  of  locomotives  is  precarious, 
as,  if  the  valves  leak  in  the  slightest  degree,  the  steam 
or  boiling  water  from  the  boiler  will  prevent  the 
pumps  from  drawing.  It  appears  expedient,  therefore, 
that  at  least  one  pump  should  be  far  from  the  boiler 
and  should  be  set  among  the  feed  water,  so  that  it 
will  only  have  to  force.  If  a  pomp  was  arranged  in 
the  manner  suggested,  the  boiler  could  still  be  fed 
regularly,  though  the  locomotive  was  standing  stilL* 

527.  Ql — Will  you  explain  the  construction  of 
locomotive  wheels  ? 

A, — The  wheels  of  a  locomotive  are  always  made 
of  malleable  iron.  The  driving  wheels  are  made 
larger  to  increase  the  speed ;  the  bearing  wheels  also 
are  easier  on  the  road  when  large.  In  the  goods 
engines  the  driving  wheels  are  smaller  than  in  the 
passenger  engines,  and  are  generally  coupled  together. 
Wheels  are  made  with  much  variety  in  their  constroc 
tive  details :  sometimes  they  are  made  with  cast  iron 
naves,  with  the  spokes  and  rim  of  wrougkt  iron ;  but 

'  *  Since  this  recommeiidatioa  was  firet  given,  loeomotiTes  hare 
been  very  frequently  fitted  with  donkey  engines,  or  with  Gif- 
fard's  injectors,  and  have  also  been  made  to  cany  water  and 
fuel  on  the  locomotive  itaelt 
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in  the  best  modem  wheels  the  nave  is  formed  of  the 
ends  of  the  spokes  welded  together  at  the  centre. 
When  cast  iron  naves  are  adopted,  the  spokes  are 
forged  out  of  flat  bars  with  T-formed  heads,  and  are 
arranged  radially  in  the  founders'  mould,  the  cast 
iron,  when  fluid,  being  poured  among  them.  The 
ends  of  the  T  heads  are  then  welded  together  to 
constitute  the  periphery  of  the  wheel  or  inner  tire ; 
and  little  wedge-form. pieces  are  inserted  where  there 
is  any  deficiency  of  iron.  In  some  cases  the  arms 
are  hollow,  tiioagh  of  wrought  iron ;  the  tire  of 
wrought  iron,  and  the  nave  of  cast  iron  ;  and  the 
spokes  are  turned  where  they  are  fitted  into  the  nave, 
and  are  secured  in  their  sockets  by  means  of  cutters. 
Hawthorn  makes  his  wheels  with  cast  iron  naves  and 
wrought  iron  rims  and  arms ;  but  instead  of  welding 
the  arms  together,  he  make  palms  on  their  outer  end, 
which  are  attached  by  rivets  to  the  rim.  These 
rivets,  however,  unless  very  carefully  formed,  are  apt 
to  work  loose;  and  it  would  probably  be  found  an 
improvement  if  the  palms  were  to  be  slightly  indented 
into  the  rim,  in  cases  in  which  the  palms  do  not  meet 
each  other  at  the  ends.  When  the  rim  is  turned  it 
13  ready  for  the  tire,  which  is  now  made  of  steeL 

528.  Q.  —  How  do  you  find  the  length  of  bar 
necessary  for  forming  a  tire  ? 

A,  —  To  find  the  proper  length  of  bar  requisite  for 
the  formation  of  a  hoop  of  any  given  diameter,  add 
the  thickness  of  the  bar  to  the  required  diameter,  and, 
the  corresponding  circumference  in  table  of  circum* 
ferences  of  circles  is  the  length  of  th^  bar.  If  the 
ixon  be  bent  edgewise  the  breadth  of  the  bar  must  be 
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added  to  the  diameter,  for  it  is  the  thickness  of  tie 
bar  measured  radially  that  is  to  be  taken  into  con- 
sideration. In  the  tires  of  railway  wheels,  which 
have  a  flange  on  one  edge,  it  is  necessary  to  add  not 
only  the  thickness  of  the  tire,  but  also  two-thirds  of 
the  depth  of  the  flange ;  generally,  however,  the  tire 
bars  are  sent  from  the  forge  so  curved  that  the  plain 
edge  of  the  tire  is  concave,  and  the  flange  edge 
convex,  while  the  side  which  is  afterwards  to  be  bent 
into  contact  with  the  cylindrical  surface  of  the  wheel 
is  a  plane.  In  this  case  the  addition  of  the  diameter 
of  two-thirds  of  the  depth  of  the  flange  is  tmnecessarj, 
for  the  curving  of  the  flange  edge  has  the  effect  of 
increasing  the  real  length  of  the  bar.  When  the  tire 
is  thus  curved,  it  is  only  necessary  to  add  the  thick- 
ness of  the  hoop  to  the  diameter,  and  then  to  find  the 
circumference  from  a  table ;  or  the  same  result  wiU  be 
obtained  by  multiplying  the  diameter  thus  increased 
by  the  thickness  of  the  hoop  by  3*1416. 

629.  Q.  —  How  are  the  tires  attached  to  the 
wheels  ? 

A, — The  materials  for  wheel  tires  are  first  swaged 
separately,  and  then  welded  together  under  the  heavy 
hammer  at  the  steel  works ;  after  which  they  are  bent 
to  the  circle,  welded,  and  turned  to  certain  gauges. 
The  tire  is  now  heated  to  redness  in  a  circular 
furnace ;  during  the  time  it  is  getting  hot,  the  iron 
wheel,  turned  to  the  right  diameter,  is  bolted  down 
upon  a  face  plate  or  surface ;  the  tire  expands  with 
the  heat,  and  when  at  a  cherry  red,  it  is  dropped 
over  the  wheel,  for  which  it  was  previously  too  small, 
and  it  is  also  hastily  bolted  down  to  the  surface 


FACILITATING  PASSAGE  BOUND   CUBYES.  357 

plate ;  the  whole  mass  is  then  quickly  immersed  bj  a 
swing  crane  in  a  tank  of  water  five  feet  deep,  and 
hauled  up  and  down  till  nearly  cold ;  the  tires  are  not 
afterwards  tempered.  The  tire  is  attached  to  the 
rim  with  rivets  having  countersunk  heads,  and  the 
wheel  is  then  fixed  on  its  axle. 

530.  Q —  Is  it  necessary  to  have  the  whole  tire  of 
steel  ? 

A, — It  is  not  indispensable  that  the  whole  tire 
.should  be  of  steel ;  but  a  dovetail  groove,  turned  out 
of  the  tire  at  the  place  where  it  bears  most  on  the 
railj  and  fitted  with  a  band  of  steel,  will  suffice. 
This  band  may  be  put  in  in  pieces,  and  the  expe- 
dient appears  to  be  the  best  way  of  repairing  a  worn 
tire;  but  particular  care  must  be  taken  to  attach 
these  pieces  very  securely  to  the  tire  by  rivets,  else 
in  the  rapid  revolution  of  the  wheel  the  steel  may  be 
thrown  out  by  the  centrifugal  force.  In  aid  of  such 
attachment  the  steel,  after  being  introduced,  is  well 
hammered,  which  expands  it  sideways  until  it  fills 
the  dovetail  groove. 

531.  Q. — Is  any  arrangement  adopted  to  facilitate 
the  passage  of  the  locomotive  round  curves  ? 

A, — The  tire  is  turned  somewhat  conical,  to 
facilitate  the  passage  of  the  engine  round  curves,  — 
the  diameter  of  the  outer  wheel  being  virtually  in- 
creased by  the  centrifugal  force  of  the  engine,  and 
that  of  the  inner  wheel  being  correspondingly  dimi- 
nished, whereby  the  curve  is  passed  without  the 
resistance  which  would  otherwise  arise  from  the  in- 
equality of  the  spaces  passed  over  by  wheels  of  the 
same  diameter  fixed  upon  the  same  axle.     The  rails. 
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moreoTeFy  are  not  set  quite  upright,  but  are  slightly 
inclined  inwards,  in  consequence  of  which  the  wheels 
must  be  either,  conical  or  slightly  dished,  to  bear 
fairly  upon  the  rails.  One  benefit  of  inclining  the 
rails  in  this  way,  and  coning  the  tires,  is  that  the 
flange  of  the  wheels  is  less  liable  to  bear  against  the 
sides  of  the  rail,  and  with  the  same  view  the  flanges 
of  all  the  wheels  are  made  with  large  fillets  in  the 
corners.  Wheels  have  been  placed  loose  upon  the 
axle,  but  they  have  less  stability,  and  are  not  now 
much  used.  Nevertheless  this  plan  appears  to  be  a 
good  (me  if  properly  worked  out . 

532.  Q. — Are  any  precautions  taken  to  prevent 
engines  from  being  thrown  off  the  rails  by  obstruc- 
tions left  upon  the  line  ? 

A.  —  In  most  engines  a  bar  is  strongly  attached  to 
the  front  of  the  carriage  on  each  side,  and  projects 
perpendicularly  downwards  to  within  a  short  distance 
of  the  rail,  to  clear  away  stones  or  other  obstructions 
that  might  occasion  accidents  if  the  engine  ran  over 
them. 
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CHAP.  IX. 

STEAM  KAVIQATION. 


RESISTANCE  OF  YBSSEL8  IN  WATER. 

533.  Q.«— How  do    yon  determine    the    resistance 
encountered  by  a  Tessel  moving  in  water  ? 

A. — The  resistance  experienced  by  Tesseb  moving 
in  water  varies  as  the  square  of  the  velocity  of  their 
motion,  or  nearly  so;  and  the  power  necessary  to 
impart  an  increased  velocity  varies  nearly  as  the  cube 
of  such  increased  velocity.  To  doable  the  velocity  of 
a  steam  vessel,  therefore,  will  require  four  times  the 
amount  of  tractive  force,  and  as  that  quadrupled  force 
must  act  through  twice  the  distance  in  the  same  time, 
an  engine  capable  of  exerting  eight  times  the  original 
power  will  be  required.* 

534.  Q. — In  the  case  of  a  board  moving  in  water 
in  the  manner  of  a  paddle  float,  or  in  the  case  of 

*  This  statement  supposes  that  there  is  no  difference  of  level 
between  the  water  at  the  bow  and  the  water  at  the  stem.  In. 
the  experiments  on  the  steamer  Pelican,  the  resistance  was 
fonnd  to  vaiy,  as  the  2*28th  power  of  the  velocity,  but  the 
deviation  from  the  recognised  law  was  imputed  to  a  difference 
in  the  level  of  the  water  at  the  bow  and  stem. 
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XDOviDg  water  impinging  on  a  stationary  board,  what 
will  be  the  pressure  produced  bj  the  impact  ? 

A.  —  The  pressure  produced  upon  a  flat  boards  bj 
striking  water  at  right  angles  to  the  surface  of  the 
board,  will  be  equal  to  the  weight  of  a  colunm  of  water 
having  the  surface  struck  as  a  base,  and  for  its  alti- 
tude twice  the  height  due  to  the  velocity  with  which 
the  board  moves  through  the  water.  If  the  board 
strike  the  water  obliquely,  the  resistance  will  be  less, 
but  no  very  reliable  law  has  yet  been  discovered  to 
determine  its  amount. 

535.  Q.  —  Will  not  the  resistance  of  a  vessel  in 
moving  through  the  water  be  much  less  than  that  of 
a  flat  board  of  the  area  of  the  cross  section  ? 

A>  — It  will  be  very  much  less,  as  is  manifest  from 
the  comparatively  small  area  of  paddle  board,  and  the 
small  area  of  the  circle  described  by  the  screw,  rela 
tively  with  the  area  of  the  immersed  midship  section 
of  the  vessel.  The  absolute  speed  of  a  vessel,  with 
any  given  amount  of  power,  will  depend  very  much 
upon  her  shape. 

536.  Q. — In  what  way  is  it  that  the  shape  of 
a  vessel  influences  her  speed,  since  vessels  of  the  same 
sectional  area  must  manifestly  put  in  motion  a  column 
of  water  of  the  same  magnitude,  and  with  the  same 
velocity  ? 

A. —  A  vessel  will  not  strike  the  water  with  the 
same  velocity  when  the  bow  lines  are  sharp  as  when 
they  are  otherwise;  for  a  very  sharp  bow  has  the 
eflect  of  enabling  the  vessel  to  move  through  a  great 
distance,  while  the  particles  of  water  are  moved  aside 
but  a  small  distance,  or  in  other  words,  it  causes  the 
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velocity  with  which  the  water  is  moved  to  be  very 
small  relatively  with  the  velocity  of  the  vessel ;  and 
as  the  resistance  increases  as  the  square  of  the 
velocity  with  which  the  water  is  moved,  it  is  conceiv- 
able enough  in  what  way  a  sharp  bow  may  diminish 
the  resistance. 

537.  Q. — Is  the  whole  power  expended  in  the  pro- 
pulsion of  a  vessel  consumed  in  moving  aside  the 
water  to  enable  the  vessel  to  pass  ? 

A.  —  By  no  means;  only  a  portion^  and  in  well- 
formed  vessels  only  a  small  portion,  of  the  power  is 
thus  consumed.  In  the  majority  of  cases,  the  greater 
part  of  the  power  is  expended  in  overcoming  the 
friction  of  the  water  upon  the  bottom  of  the  vessel ; 
and  the  problem  chiefly  claiming  consideration  is,  in 
what  way  we  may  diminish  the  friction. 

638.  Q.  —  Does  the  resistance  produced  by  this 
friction  increase  with  the  velocity. 

A.  —  It  increases  nearly  as  the  square  of  the  velo- 
city. At  two  nautical  miles  per  hour,  the  thrust 
necessary  to  overcome  the  friction  varies  as  the  1*823 
power  of  the  velocity ;  and  at  eight  nautical  miles 
per  hour,  the  thrust  necessary  to  overcome  the  friction 
varies  as  the  1*713  power  of  the  velocity.  It  is 
hardly  proper,  perhaps,  to  call  this  resistance  by  the 
name  of  friction ;  it  is  partly,  perhaps  mainly,  due  to 
the  viscidity  or  adhesion  of  the  water. 

639.  Q. — Perhaps  at  high  velocities  this  resistance 
may  become  less  ? 

A,  —  That  appears  very  probable.  It  may  happen 
that  at  high  velocities  the  adhesion  is  overcome,  so 
that  the  water  is  dragged  off  the  vessel,  and  the 
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friction  thereafter  follows  the  law  which  obtainB  in 
the  case  of  solid  bodies.  But  an7  such  conclusion  is 
mere  speculation^  since  no  experiments  illustrative  of 
this  question  have  7et  been  made. 

540.  Q. — Will  a  vessel  experience  more  resistance 
in  moving  in  salt  water  than  in  moving  in  fresh? 

A.-^J£  the  immersion  be  the  same  in  both  cases  a 
vessel  will  experience  more  resistance  in  moving  in 
salt  water  than  in  moving  in  fresh,  on  account  of  the 
greater  densitj  of  salt  water ;  but  as  the  flotation  is 
proportionablj  greater  in  the  salt  water  the  resistance 
will  be  the  same  with  the  same  weight  carried. 

641.  Q.  —  Discarding  for  the  present  the  subject  of 
friction,  and  looking  merely  to  the  question  of  bow 
and  stem  resistance  in  what  manner  should  the  hull 
of  a  vessel  be  formed  so  as  to  make  these  resistances 
a  minimum  ? 

A,  —  The  hull  should  be  so  formed  that  the  water, 
instead  of  being  driven  awaj  forciblj  from  the  bow, 
is  opened  gradually,  so  that  every  particle  of  water 
may  be  moved  aside  slowly  at  first,  and  then  faster, 
like  the  ball  of  a  pendulum,  until  it  reaches  the 
position  of  the  midship  frame,  at  which  point  it  will 
have  come  to  a  state  of  rest,  and  then  again,  like  a 
returning  pendulum,  vibrate  back  in  the  same  way, 
until  it  comes  to  rest  at  the  stem.  It  is  not  difficult 
to  describe  mechanically  the  line  which  the  water 
should  pursue.  If  an  endless  web  of  paper  be  put  into 
uniform  motion,  and  a  pendulum  carrying  a  pencil  or 
brush  be  hung  in  front  of  it,  then  such  pendulum  will 
trace  on  the  paper  the  proper  water  line  of  the  ship, 
or  the  line  which  the  water  should  pursue  in  order 
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that  no  power  may  be  lost  except  that  which  is  lost  in 
friction.  It  is  found,  however,  in  practice,  that  vessels 
formed  with  water  lines  on  this  principle  are  not 
much  superior  to  ordinary  vessels  in  the  facility  with 
which  they  pass  through  the  water ;  and  this  points  to 
the  conclusion  that  in  ordinary  vessels  of  good  form, 
the  amount  of  power  consumed  in  overcoming  the  re- 
sistance due  to  the  wave  at  the  bow  and  the  partial 
vacuity  at  the  stern  is  not  so  great  as  has  heretofore 
been  supposed,  and  that,  in  fact,  the  main  resistance  is 
that  due  to  the  friction. 


EZPEBDIBNTS  ON  THE  BBSISTANCB  OF  VESSELS. 

542.  Q. — Have  experiments  been  made  to  deter- 
mine the  resistance  which  steam  vessels  experience 
in  moving  through  the  water  ? 

A. — ^Experiments  have  been  made  both  to  deter- 
mine the  relative  resistances  of  different  classes  of 
vessels,  and  also  the  absolute  resistances  in  pounds  or 
tons.  The  first  experiments  made  upon  this  subject 
were  conducted  by  Messrs.  Boulton  and  Watt,  and 
they  have  been  numerous,  long  continued,  and  care- 
fully performed.  These  experiments  were  made  upon 
paddle  vessels? 

543.  Q. — Will  you  recount  the  chief  results  of 
these  experiments  ? 

A. — ^The  purpose  of  the  experiments  was  to  esta- 
blish ft  coefficient  of  performance,  which  with  any 
given  class  of  vessel  would  enable  the  speed,  which 
would  be  obtained  with  any  given  power,  to  be  readily 
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predicted.  This  coefficient  was  obtained  bj  multiply- 
ing the  cube  of  the  velocity  of  the  vessels  experi* 
mented  upon,  in  miles  per  hour,  bj  the  sectional  area 
of  the  immersed  midship  section  in  square  feet,  and 
dividing  hj  the  numbers  of  nominal  horses  power, 
and  this  coefficient  will  be  large  in  the  proportion  of 
the  goodness  of  the  shape  of  the  vessel. 

544.  Q. — How  many  experiments  were  made  alto- 
gether ? 

A. — There  were  five  different  sets  of  experiments 
on  five  different  classes  of  vessels.  The  first  set  of 
experiments  was  made  in  1828,  upon  the  vessels 
Caledonia,  Diana,  Eclipse,  Kingshead,  Moordyke,  and 
Eagle — vessels  of  a  similar  form  and  all  with  sqoare 
bilges  and  flat  floors ;  and  the  result  was  to  establish 
the  number  925  as  the  coefficient  of  performance  of 
such  vessels.  The  second  set  of  experiments  was 
made  upon  the  superior  vessels  Venus,  Swiflsore, 
Dasher,  Arrow,  Spitfire,  Fury,  Albion,  Queen,  Dart, 
Hawk,  Margaret,  and  Hero — all  vessels  having  flat 
floors  and  round  bilges,  where  the  coefficient  became 
1 160.  The  third  set  of  experiments  was  made  upon 
the  vessels  Lightning,  Meteor,  James  Watt,  Cinde- 
rella, Navy  Meteor,  Crocodile,  Watersprite,  Thetis, 
Dolphin,  Wizard,  Escape,  and  Dragon — all  vessels 
with  rising  floors  and  round  bilges,  and  the  coefficient 
of  performance  was  found  to  be  1430.  The  fourth 
set  of  experiments  was  made  in  1834,  upon  the  vessels 
Magnet,  Dart,  Eclipse,  Flamer,  Firefly,  Ferret,  and 
Monarch,  when  the  coefficient  of  performance  was 
found  to  be  1580.  The  fifth  set  of  experiments  was 
made   upon   the  Red   Rover,   City  of   Canterbury, 
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Herne,  Qaeen,  and  Prince  of  Wales,  and  in  the  case 
of  those  vessels  the  coefficient  rose  to  2560.  The 
velocity  of  any  of  these  vessels,  with  any  power  or 
sectional  area,  may  be  ascertained  by  multiplying  the 
coefficient  of  its  class  by  the  nominal  horse  power, 
dividing  by  the  sectional  area  in  square  feet,  and  ex- 
tracting the  cube  root  of  the  quotient,  which  will  be 
the  velocity  in  miles  per  hour;  or  the  number  of 
nominal  horse  power  requisite  for  the  accomplishment 
of  any  required  speed  may  be  ascertained  by  multi- 
plying the  cube  of  the  required  velocity  in  miles  per 
hour,  by  the  sectional  area  in  square  feet,  and  divid- 
ing by  the  coefficient :  the  quotient  is  the  number  of 
nominal  hors^  power  requisite  to  realise  the  speed. 

545.  Q. — Seeing,  however,  that  the  nominal  power 
does  not  represent  an  invariable  amount  of  dynamical 
efficiency,  would  it  not  be  better  to  make  the  compa- 
rison with  reference  to  the  actual  power  ? 

^.— In  the  whole  of  the  experiments  recited,  except 
in  the  case  of  one  or  two  of  the  last,  the  pressure  of 
steam  in  the  boiler  varied  between  2|  lbs.  and  4  lbs. 
per  square  inch,  and  the  effective  pressure  on  the  piston 
varied  between  11  lbs.  and  13  lbs.  per  square  inch,  so 
that  the  average  ratio  of  the  nominal  to  the  actual 
power  may  be  easily  computed ;  but  it  will  be  pre- 
ferable to  state  the  nominal  power  of  some  of  the 
vessels,  and  their  actual  power  as  ascertained  by  ex- 
periment. 

546.  Q.— Then  state  this. 

A. — Of  the  Eclipse,  the  nominal  power  was  76»  and 
the  actual  power  144*4  horses;  of  the  Arrow,  the 
nominal  power  was  60,  and  the  actual  119*5 ;  Spitfire, 
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nominal  40,  actual  64 ;  Furj,  nominal  40,  actual  65*6 ; 
Albion,  nominal  80,  actual  135*4 ;  Dart,  nominal  100, 
actual  152-4 ;  Hawk,  nominal  40,  actual  73 ;  Hero, 
nominal  100,  actual  171*4;  Meteor,  nominal  100, 
actual  160 ;  James  Watt,  nominal  120,  actual  204 ; 
Watersprite,  nominal  76,  actual  157-6 ;  Dolphin, 
nominal  140,  actual  238 ;  Dragon,  nominal  80,  actual 
131 ;  Magnet,  nominal  140,  actual  238 ;  Dart,  nominal 
120,  actual  237;  Flamer,  nominal  120,  actual  234;  Fire- 
fly, nominal  52y  actual  86*6;  Ferret,  nominal  52, 
actual  88 ;  Monarch,  nominal  200,  actual  378.  In 
the  case  of  swift  vessels  of  modem  construction,  such 
as  the  Red  Rover,  Heme,  Queen,  and  Prince  of  Wales, 
the  coefficient  appears  to  be  about  2550;  but  in 
these  vessels  there  is  a  still  greater  excess  of  the 
actual  over  the  nominal  power  than  in  the  case  of  the 
vessels  previously  enumerated,  and  the  increase  in  the 
coefficient  is  consequent  upon  the  increased  pressure 
of  the  steam  in  the  boiler,  as  well  as  the  superior 
form  of  the  ship.  The  nominal  power  of  the  Bed 
Rover,  Heme,  and  City  of  Canterbury  is,  in  each  case, 
120  horses,  but  the  actual  power  of  the  Red  Rover  is 
294,  of  the  Heme  354,  and  of  the  City  of  Canterbury 
306,  and  in  some  vessels  the  excess  is  still  greater ;  so 
that  with  such  variations  it  becomes  necessary  to 
adopt  a  coefficient  derived  from  the  introduction  of 
the  actual  instead  of  the  nominal  power. 

547,  Q.  —  What  will  be  the  average  difference 
between  the  nominal  and  actual  powers  in  the  several 
classes  of  vessels  you  have  mentioned  and  the  re- 
spective coefficients  when  corrected  for  the  actual 
power? 
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A, — ^In  the  first  class  of  vessels  experimented  upon, 
the  actual  power  was  about  1*6  times  greater  than  the 
nominal  power;  in  the  second  class,  1*67  times 
greater;  in  the  third  class,  1*7  times  greater;  and  in 
the  fourth,  1*96  times  greater ;  whOe  in  such  vessels 
as  the  Red  Rover  and  City  of  Canterbury,  it  is  2*65 
times  greater ;  so  that  if  we  adopt  the  actual  instead  of 
the  nominal  power  in  fixing  the  coefficients,  we  shall 
have  554  as  the  first  coefficient,  694  as  the  second, 
832  for  the  third,  and  806  for  the  fourth,  instead  of 
925,  1160,  1430,  and  1580  as  previously  specified; 
while  for  such  vessels  as  the  Red  Rover,  Herne, 
Queen,  and  Prince  of  Wales,  we  shall  have  962  in- 
stead of  2550.  These  smaller  coefficients,  then, 
express  the  relative  merits  of  the  different  vessels 
without  reference  to  any  difference  of  efficacy  in  the 
engines,  and  it  appears  preferable,  with  such  a  vari- 
able excess  of  the  actual  over  the  nominal  power,  to 
employ  them  instead  of  those  first  referred  to.  From 
the  circumstance  of  the  third  of  the  new  coefficients 
being  greater  than  the  fourth,  it  appears  that  the  supe- 
rior result  in  the  fourth  set  of  experiments  arose  alto- 
gether from  a  greater  excess  of  the  actual  over  the 
nominal  power. 

548.  Q.  —  These  experiments,  you  have  already 
stated,  were  all  made  on  paddle  vessels.  Have 
similar  coefficients  of  performance  been  obtained  in 
the  case  of  screw  vessels  ? 

A,  —  The  coefficients  of  a  great  number  of  screw 
vessels  have  been  obtained  and  recorded,  but  it  would 
occupy  too  much  time  to  enumerate  them  here.  The 
coefficient  of  performance  of  the  Fairy  is  464*8 ;  of 
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the  Rattler  676-8  ;  and  of  the  Frankfort  7923.  This 
coefficient,  however,  refers  to  nautical  and  not  to 
statute  miles.  If  reduced  to  statute  miles  for  the 
purpose  of  comparison  with  the  previous  experiments^ 
the  coefficients  will  respectively  become  703,  lOSS, 
and  1212;  which  indicate  that  the  performance  of 
screw  vessels  is  equal  to  the  performance  of  paddle 
vessels,  but  some  of  the  superiority  of  the  result  may 
be  imputed  to  the  superior  size  of  the  screw  vessels. 


INFLUENCE  OF  THE   SIZE  OF  VESSELS   UPON  THSIR 
SPEED. 

649.  Q. — ^Will  large  vessels  attain  a  greater  speed 
than  small,  supposing  each  to  be  furnished  with  the 
same  proportionate  power  ? 

A.  —It  is  well  known  that  large  vessels  furnished 
with  the  same  proportionate  power,  will  attain  a 
greater  speed  than  small  vessel^  as  appears  from  the 
rule  usual  in  yacht  races  of  allowing  a  certain  part  of 
the  distance  to  be  run  to  vessels  which  are  of  inferior 
size.  The  velocity  attained  by  a  large  vessel  will  be 
greater  than  the  velocity  attained  by  a  small  vessel 
of  the  same  mould  and  the  same  proportionate  power, 
in  the  proportion  of  the  square  roots  of  the  linear 
dimensions  of  the  vessels.  A  vessel  therefore  with 
four  times  the  sectional  area  and  four  times  the 
power  of  a  smaller  symmetrical  vessel,  and  conse- 
quently of  twice  the  length,  will  have  its  speed  in- 
creased in  the  proportion  of  the  square  root  of  1  to 
the  square  root  of  2,  or  1*4  times. 
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550,  Q.  —  Will  70a  further  illustrate  this  doctrine 
bj  an  example? 

A.  —  The  screw  steamer  Fairy,  if  enlarged  to  three 
times  the  size  while  retaining  the  same  form,  would 
have  twenty-seven  times  the  capacity,  nine  times  the 
sectional  area,  and  nine  times  the  power.  The  length 
of  such  a  vessel  would  be  434  feet ;  her  breadth 
63  feet  4^  inches ;  her  draught  of  water  16|-  feet ; 
her  area  of  immersed  section  729  square  feet ;  and 
her  nominal  power  1080  horses.  Now  as  the  lengths 
of  the  Fairy  and  of  the  new  vessel  are  in  the  propor- 
tion of  1  to  3,  the  speeds  will  be  in  the  proportion  of 
the  square  root  of  1  to  the  square  root  of  3 ;  or,  in 
other  words,  the  speed  of  the  large  vessel  will  be  1*73 
times  greater  than  the  speed  of  the  small  vessel. 
These  deductions,  however,  are  not  borne  out  by  the 
results  obtained  with  the  steamer  Great  Eastern, 
which,  with  an  immersed  section  of  2000  square  feet, 
and  with  an  actual  or  indicated  power  of  8000  horses, 
attained  a  speed  of  only  14  knots,  which  gives  a  co- 
efficient of  686,  while  the  coefficient  of  the  Fairy  is 
464'8.  As  the  coefficient  is  obtained  by  multiplying 
the  cube  of  the  speed  in  knots  by  the  immersed 
section,  and  dividing  by  the  indicated  power,  the  co- 
efficient of  a  vessel  with  729  sq.  ft.  section,  22^  knots 
speed,  and  3279  actual  horses  power  would  be  2471. 

STBUCTUBB  AND  OPERATION  OF  PADDLE  WHEELS. 

551.  Q.— Will  you  describe  the  configuration  and 
mode  of  action  of  the  paddle  wheels  in  general  use  ? 

A*  —  There  are  two  kinds  of  paddle  wheels  in 
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extensive  use,  the  one  being  the  ordinary  radial 
wheely  in  which  the  floats  are  fixed  on  arms  radiating 
from  the  centre ;  and  the  other  the  feathering  wheel, 
in  which  each  float  is  hung  upon  a  centre,  and  is  so 
governed  by  suitable  mechanism  as  to  be  always  kept 
in  nearly  the  vertical  position.  In  the  radial  wheel 
there  is  some  loss  of  power  from  oblique  action, 
whereas  in  the  feathering  wheel  there  is  little  or  no 
loss  from  this  cause ;  but  in  every  kind  of  paddle 
there  is  a  loss  of  power  from  the  recession  of  the 
water  from  the  float  boards,  or  the  sl^  as  it  is 
commonly  called ;  and  this  loss  is  the  necessary  con- 
dition of  the  resistance  for  the  propulsion  of  tlie 
vessel  being  created  in  a  fluid.  The  slip  is  expressed 
by  the  difference  between  the  speed  of  the  wheel  and 
the  speed  of  the  vessel,  and  the  larger  this  difference 
is  the  greater  the  loss  of  power  from  slip  must  be— 
the  consumption  of  steam  in  the  engine  being  pr(^^ 
tionate  to  the  velocity  of  the  wheel,  and  the  usefol 
efiect  being  proportionate  to  the  speed  of  the  ship. 

552.  Q. —  The  resistance  necessary  for  propulaon 
will  not  be  situated  at  the  circumference  of  the 
wheel  ? 

A. — In  the  feathering  wheel,  where  ererj  part  of 
any  one  immerged  float  moves  forward  with  the  same 
horizontal  velocity,  the  pressure  or  resistance  may  be 
supposed  to  be  concentrated  in  the  centre  of  the  float; 
whereas,  in  the  common  radial  wheel  this  cannot  be 
the  case,  for  as  the  outer  edge  of  the  float  moves 
more  rapidly  than  the  edge  nearest  the  centre  of  the 
wheel,  the  outer  part  of  the  float  is  the  most  effectual 
in  propulsion.     The  point  at  which  the  outtr  and 


NATUBK  OF  THE  OENTBE  OF  PRE88X7BE.        871 

inner  portionB  of  the  float  just  balance  one  another  in 
propelling  effect^  is  called  the  centre  cf  pressure ;  and 
if  all  the  resistances  were  concentrated  in  this  point, 
they  would  have  the  same  effect  as  before  in  resisting 
the  rotation  of  the  wheeL  The  resistance  upon  any 
one  moving  float  board  totally  immersed  in  the  water 
will,  when  the  vessel  is  at  rest^  obyiously  vary  as  the 
square  of  its  distance  from  the  centre  of  motion,— 
the  resistance  of  a  fluid  varying  with  the  square  of 
the  velocity ;  ,but,  except  when  the  wheel  is  sunk  to 
the  axle  or  altogether  immersed  in  the  water,  it  is 
impossible^  under  ordinary  circumstances,  for  one 
float  to  be  totally  immersed  without  others  being 
immersed  partially,  whereby  the  are  described  by  the 
extremity  of  the  paddle  arm  will  become  greater  than 
the  arc  described  by  the  inner  edge  of  the  float ;  and 
consequently  the  resistance  upon  any  part  of  the  float 
will  increase  in  a  higher  ratio  than  the  square  of  its 
distance  from  the  centre  of  motion  —  the  position  of 
the  centre  of  pressure  being  at  the  same  correspond* 
ingly  affected.  In  the  feathering  wheel  the  position 
of  the  centre  of  pressure  of  the  entering  and  emerging 
floats  is  continually  changing  from  the  lower  edge  of 
the  floaty  — -  where  it  is  when  the  float  is  entering  or 
leaving  the  water,  -^to  the  centre  of  the  float,  which 
is  its  position  when  the  float  is  whoUy  immerged ; 
but  in  the  radial  wheel  the^  centre  of  pressure  can 
never  rise  so  high  as  the  centire  of  the  float 

553.  Q.— All  this  relates  to  the  action  of  the 
paddle  when  the  vessel  is  at  rests  will  you  explain  its 
action  when  the  vessel  is  in  motion  7 

A. — When  the  wheel  of  a  coach  rdls  along  the 
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ground,  any  point  of  its  periphery  describes  in  the  air 
a  curve  which  is  termed  a  cycloid ;  any  point  within 
the  periphery  traces  a  prolate  or  protracted  cycloid, 
and  any  point  exterior  to  the  periphery  traces  a 
curtate  or  contracted  cycloid  —  the  prolate  cycloid 
partaking  more  of  the  nature  of  a  straight  line,  ajid 
the  curtate  cycloid  more  of  the  nature  of  a  circle. 
The  action  of  a  paddle  wheel  in  the  water  resembles 
in  this  respect  that  of  wheel  of  a  carriage  running 
along  the  ground:  that  point  in  the  radius  of  the 
paddle  of  which  the  rotative  speed  is  just  equal  to  the 
velocity  of  the  vessel  will  describe  a  cycloid ;  points 
nearer  the  centre,  prolate  cycloids,  and  points  farther 
from  the  centre,  curtate  cycloids*  The  circle  d^ 
scribed  by  the  point  whose  velocity  equals  the  velocity 
of  the  ship,  is  called  the  rolUng  circle^  and  the 
resistance  due  to  the  difference  of  velocity  of  the 
rolling  circle  and  centre  of  pressure  is  that  which 
operates  in  the  propulsion  of  the  vessel.  The  resist- 
ance upon  any  part  of  the  float,  therefore,  will  vary 
as  the  square  of  its  distance  from  the  rolling  cirde, 
supposing  the  float  to  be  totally  immerged;  ba^ 
taking  into  account  the  greater  length  of  time  during 
which  the  extremity  of  the  paddle  acts,  whereby  the 
resistance  will  be  made  greater,  we  shall  not  err  far 
in  estimating  the  resistance  upon  any  point  at  the 
third  power  of  its  distance  from  the  rolling  circle  in 
the  case  of  light  immersions^  and  the  2*5  power  in  the 
case  of  deep  immersions. 

554*  Q.  —  How  is  the  position  of  the  centre  of 
pressure  to  be  determined  ? 

A* —  With  the  foregoing  assumption,  which  accords 


DIMENSIONS  OF  THE  BOLLING  CIRCLE.  373 

sufficiently  with  experiment  to  jastify  its  acceptation, 
the  position  of  the  centre  of  pressure  may  be  found  by 
the  following  rule :  —  from  the  radius  of  the  wheel 
subtract  the  radius  of  the  rolling  circle;  to  the 
remainder  add  the  depth  of  the  paddle  board,  and 
divide  the  fourth  power  of  the  sum  by  four  times  the 
depth ;  from  the  cube  root  of  the  quotient  subtract 
the  difference  between  the  radii  of  the  wheel  and 
rolling  circle,  and  the  remainder  will  be  the  distance 
of  the  centre  of  pressure  from  the  upper  edge  of  the 
paddle. 

555.  Q.  —  How  do  you  find  the  diameter  of  the 
rolling  circle  ? 

A.  —  The  diameter  of  the  rolling  circle  is  very 
easily  found,  for  we  have  only  to  divide  5280  times 
the  number  of  miles  per  hour,  by  60  times  the  number 
of  strokes  per  minute,  to  get  an  expression  for  the 
circumference  of  the  rolling  circle,  or  the  following 
rule  may  be  adopted :  —  divide  88  times  the  speed  of 
the  vessel  in  statute  miles  per  hour,  by  3*1416  times 
the  number  of  strokes  per  minute;  the  quotient  will 
be  the  diameter  in  feet  of  the  rolling  circle.  The 
diameter  of  the  circle  in  which  the  centre  of  pressure 
moves  or  the  effective  diameter  of  the  wheel  being 
known,  and  also  the  diameter  of  the  rolling  circle,  we 
at  once  find  the  excess  of  velocity  of  the  wheel  over 
the  vessel. 

556.  Q.  — .  Will  you  iUustrate  these  rules  by  an  ex- 
ample ? 

A.  —  A  steam  vessel  of  moderately  good  shape,  and 
with  engines  of  200  horses  power,  realises,  with  22 
strokes  per  minute,  a  speed  of  10*62  miles  per  hour. 
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To  find  the  diameter  of  the  rolling  circle,  we  have  88 
times  10-62,  equal  to  984*66,  and  22  times  8*1416, 
equal  to  69*1152;  then  984-66  divided  bj  691152  is 
equal  to  18*52  feet,  which  is  the  diameter  of  the 
rolling  circle.  The  diameter  of  the  wheel  is  19  ft. 
4  in.,  so  that  the  diameter  of  the  rolling  circle  is  about 
f  rds  of  the  diameter  of  the  wheel,  and  this  is  a  frequent 
proportion.  The  depth  of  the  paddle  board  is  2  feet, 
and  the  difference  between  the  diameters  of  the  wheel 
and  rolling  circle  will  be  5*8188,  which  will  make  the 
difference  of  their  radii  2*9067 ;  and  adding  to  this  the 
depth  of  the  paddle  board,  we  have  4*9067,  the  fourth 
power  of  which  is  579*64,  which,  divided  by  four  times 
the  depth  of  the  paddle  board,  gives  us  72*455,  the 
cube  root  of  which  is  4*1689,  which,  diminished  bj  the 
difference  of  the  radii  of  the  wheel  and  rolling  circle, 
leaves  1*2622  feet  for  the  distance  of  the  centre  of 
pressure  from  the  upper  edge  of  the  paddle  board  in 
the  case  of  light  immersions.  The  radius  of  the  wheel 
being  9*6667,  the  distance  from  the  centre  of  the 
wheel  to  the  upper  edge  of  the  float  is  7*6667,  and 
adding  to  this  1*2622,  we  get  8*9299  feet  as  the  radius, 
or  17*8598  feet  as  the  diameter  of  the  circle  in  which 
the  centre  of  pressure  revolves.  With  22  strokes  per 
minute,  the  velocity  of  the  centre  of  pressure  will  be 
20*578  feet  per  second,  and  with  10*62  miles  per  hour 
for  the  speed  of  the  vessel,  the  velocity  of  the  rolling 
circle  will  be  15*576  feet  per  second.  The  effective 
velocity  will  be  the  difference  between  these  quanti- 
ties, or  4*997  feet  per  second.  Now  the  height  from 
which  a  body  must  fall  by  gravity,  to  acquire  a 
velocity  of  4*997  feet  per  second,  is  about  *62  feet ;  and 
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twice  this  heiglit,  or  1*24  feet,  multiplied  by  62^ 
which  is  the  number  of  lbs.  weight  in  a  cubic  foot  of 
water,  gives  77^  lbs.  as  the  pressure  on  each  square 
foot  of  the  vertical  paddle  boards.  As  each  board  is 
of  20  square  feet  of  area,  and  there  is  a  vertical  board 
on  each  side  of  the  ship,  the  total  pressure  on  the 
vertical  paddle  boards  will  be  2900  lbs. 

557.  Q — What  pressure  is  this  equival^it  to  on 
each  square  inch  of  the  pistons  ? 

A.  —  A  vessel  of  200  horses  power  will  have  two 
cjlindersy  each  50  inches  diameter,  and  5  feet  stroke, 
or  thereabout.  The  area  of  a  piston  of  50  inches 
diameter  is  1963*5  square  inches,  so  that  the  area  of 
the  two  pistons  is  3927  square  inches,  and  the  piston 
will  move  through  10  feet  every  revolution ;  and  with 
22  strokes  per  minute,  this  will  be  220  feet  per 
minute,  or  3*66  feet  per  second.  Now,  if  the  effective 
velocity  of  the  centre  of  pressure  and  the  velocity  of 
the  pistons  had  been  the  same,  then  a  pressure  of 
2900  lbs.  upon  the  vertical  paddles  would  have  been 
balanced  by  an  equal  pressure  on  the  pistons,  which 
would  have  been  in  this  case  about  -75  lbs.  per  square 
inch ;  but  as  the  effective  velocity  of  the  centre  of 
pressure  is  4*997  feet  per  second,  while  that  of  the 
pistons  is  only  3*66  feet  per  second,  the  pressure  must 
be  increased  in  the  proportion  of  4*997  to  3*66  to 
establish  an  equilibrium  of  pressure,  or,  in  other  words, 
it  must  be  1*02  lbs.  per  square  inch.  It  follows  from 
this  investigation,  that,  in  radial  wheels,  the  greater 
part  of  the  engine  power  is  distributed  among  the 
oblique  floats. 

558.  Q. — How  comes  this  to  be  the  case? 


876  ACTION  OF  THE  OBLIQUE   FLOATS. 

A.  —  To  utiderstand  how  it  happens  that  more 
power  is  expended  upon  the  oblique  than  upon  the 
vertical  floats,  it  is  necessary  to  remember  that  the 
onlj  resistance  upon  the  vertical  paddle  is  that  due  to 
the  difference  of  velocity  of  the  wheel  and  the  ship ; 
but  if  the  wheel  be  supposed  to  be  immersed  to  its 
axle,  so  that  the  entering  float  strikes  the  water 
horizontally,  it  is  clear  that  the  resistance  on  such 
float  is  that  due  to  the  whole  velocity  of  rotation ;  and 
that  the  resistance  to  the  entering  float  will  be  the 
same  whether  the  vessel  is  in  motion  or  not  The  re- 
sistance opposed  to  the  rotation  of  any  float  increases 
from  the  position  of  the  vertical  float  —  where  the 
resistance  is  that  due  to  the  difference  of  velocity  of 
the  wheel  and  vessel — until  it  reaches  the  plane  of  the 
axis,  supposing  the  wheel  to  be  immersed  so  far, 
where  the  resistance  is  that  due  to  the  whole  velocity 
of  rotation  ;  and  although  in  any  oblique  float  the 
total  resistance  cannot  be  considered  operative  in  a 
horizontal  direction,  yet  the  total  resistance  increases 
60  rapidly  on  each  side  of  the  vertical  float,  that  the 
portion  of  it  which  is  operative  in  the  horizontal 
direction,  is  in  all  ordinary  cases  of  immersion  very 
considerable.  In  the  feathering  wheel,  where  there  is 
little  of  this  oblique  action,  the  resistance  will  be  in 
the  proportion  of  the  square  of  the  horizontal  velocities 
of  the  several  floats,  which  may  be  represented  by  the 
horizontal  distances  between  them ;  and  in  the  feather- 
ing wheel,  the  vertical  float  having  the  greatest 
horizontal  velocity  will  have  the  greatest  propelling 
effect. 
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^59.  Q.  —  Should  the  floats  in  feathering  wheels 
enter  and  leave  the  water  vertically  ? 

A. — The  floats  should  be  so  governed  hj  the  central 
crank  or  eccentric,  that  the  entering  and  emerging 
floats  have  a  direction  intermediate  between  a  radius 
and  a  vertical  line* 

560.  Q.  —  Can  yon  give  any  practical  rules  for  pro- 
portioning paddle  wheels  ? 

A. — A  common  rule  for  the  pitch  of  the  floats  is  to 
allow  one  float  for  every  foot  of  diameter  of  the  wheel ; 
but  in  the  case  of  fast  vessels  a  pitch  of  2^  feet,  or  even 
less,  appears  preferable,  as  a  close  pitch  occasions  less 
vibration.  If  the  floats  be  put  too  close,  however,  the 
water  will  not  escape  freely  from  between  them,  and  if 
set  too  far  apart  the  stroke  of  the  entering  paddle  will 
occasion  an  inconvenient  amount  of  vibratory  motion, 
and  there  will  also  be  some  loss  of  power.  To  find 
the  proper  area  of  a  single  float: — divide  the  number 
of  actual  horses  power  of  both  engines  by  the  diameter 
of  the  wheel  in  feet ;  the  quotient  is  the  area  of  one 
paddle  board  in  square  feet  proper  for  sea  going 
vessels,  and  the  area  multiplied  by  0*6  will  give  the 
length  of  the  float  in  feet.  In  very  sharp  vessels, 
which  offer  less  resistance  in  passing  through  the 
water,  the  area  of  paddle  board  is  usually  one-fourth 
less  than  the  above  proportion,  and  the  proper  length 
of  the  float  may  in  such  case  be  found  by  multiplying 
the  area  by  0*7.  In  sea  going  vessels  about  four 
floats  are  usually  immersed,  and  in  river  steamers 
only  one  or  two  floats.  There  is  more  slip  in  the 
latter  case,  but  there  is  also  more  engine  power 
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exerted  in  the  propulsion  of  the  ship,  from  the  gretter 
speed  of  engine  thus  rendered  possible. 

561.  Q.  —  Then  is  it  beneficial  to  nse  small  floats? 
A,  —  Quite  the  contrarj.    If  to  permit  a  greater 

speed  of  the  engine  the  floats  be  diminished  in  area 
instead  of  being  raised  out  of  the  water,  no  appreciabis 
accession  to  the  speed  of  the  yessel  will  be  obtained  ; 
whereas  there  will  be  an  increased  speed  of  vessel  if 
the  accelerated  speed  of  the  engine  be  caused  b/ 
diminishing  the  diameter  of  the  wheels.  In  vesseis 
intended  to  be  very  fast,  therefore,  it  is  expedient  to 
make  the  wheels  small,  so  as  to  enable  the  engine  to 
work  with  a  high  velocity ;  and  it  is  expedient  to  make 
such  wheels  of  the  feathering  kind,  to  obviate  loss  of 
power  from  oblique  action.  In  no  wheel  must  the 
rolling  circle  fall  below  the  water  line,  else  the  enter- 
ing and  emerging  floats  will  carry  masses  of  water 
before  them.  The  slip  is  usually  equal  to  about  one- 
fourth  of  the  velocity  of  the  centre  of  pressure  in  well 
proportioned  wheels ;  but  it  is  desirable  to  have  the 
slip  as  small  as  is  possible  consistently  with  the  ohaer- 
vance  of  other  necessary  conditions.  The  speed  of  the 
engine  and  abo  the  speed  of  the  vessel  being  fixed, 
the  diameter  of  the  rolling  circle  becomes  at  once 
ascertainable,  and  adding  to  this  the  slip^  we  have  the 
diameter  of  the  wheeL 

GONFIOUBATION  AND  ACTION  OF  THE  SCREW. 

562,  Q.  —  Will  you  describe  more  in  detail  than 
you  have  yet  done,  the  configuration  and  mode  of 
action  of  the  screw  propeller? 

^. — The  ordinary  form  of  screw  propeller  is  repre- 
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eented  in  figi.  46.  and  47. ;  fig,  46.   being  a  per- 
ng,¥i.  Fv.ij.     epectirc  view,  and  ^.  47.  «n 

end  TieWy  or  view  such  as  is 
seen  when  kx^ng  upon  the  end 
of  the  ehaft.  The  screw  here 
represented  is  one  with  two  arms 
or  bkdes.  Some  screws  have 
three  arms,  some  four,  and  some 
six;  bat  the  screw  with  two 
arras  is  the  most  usual,  and 
screws  with  more  than  three 
arms  are  not  now  much  em* 
ployed  in  this  country.  Tlie 
screw  on  being  put  into  revo- 
lution by  the  engine,  preseryes  a  spiral  path  in  the 
water,  in  which  it  draws  itself  forward  in  the  same 
way  as  a  screw  nail  does  when  turned  round  in  a  piece 
of  wood,  whereas  the  paddle  wheel  more  resembles  the 
action  of  a  cog  wheel  working  in  a  rack. 

563.  Q.  —  But  the  screw  of  a  steam  vessel  has  no 
resemblance  to  a  screw  nail  ? 

A. —  It  has  in  fact  a  very  close  resemblance  if  you 
suppose  only  a  very  short  piece  of  the  screw  nail  to 
be  employed,  and  if  you  suppose,  moreover,  the  thread 
of  the  screw  to  be  cut  nearly  into  the  centre  to  pre- 
vent the  wood  from  stripping.  The  original  screw 
propellers  were  made  with  several  convolutions  of 
screw,  but  it  was  found  advantageous  to  shorten  them, 
until  they  are  now  only  made  one-sixth  of  a  convolu- 
tion in  length. 

564.  Q. — And  the  pitch  you  have  already  explained 
to  be  the  distance  in  the  line  of  the  shaft  from  one 


380  CONSTRUCTION  OP  THB   8CBEW. 

convolution  to  the  next^  supposing  the  screw  to  con- 
sist of  two  or  more  convolutions  ? 

A. —  Ye8>  that  is  what  is  meant  by  the  pitch.  If  a 
thread  be  wound  upon  a  cylinder  with  an  equal  dis 
tance  between  the  convolutions,  it  will  trace  a  screw 
of  a  uniform  pitch ;  and  if  the  thread  be  wound  upon 
the  cylinder  with  an  increasing  distance  between  each 
convolution,  it  will  trace  a  screw  of  an  increasing 
pitch.  But  two  or  more  threads  may  be  wound  upon 
the  cylinder  at  the  same  time,  instead  of  a  single 
thread.  If  two  threads  be  wound  upon  it  thej  will 
trace  a  double-threaded  screw;  if  three  threads  be 
wound  upon  it  they  will  trace  a  treble-threaded  screw ; 
and  so  of  any  other  number.  Now  if  the  thread  be 
supposed  to  be  raised  up  into  a  very  deep  and  thin 
spiral  feather,  and  the  cylinder  be  supposed  to  become 
very  small,  like  the  newel  of  a  spiral  stair,  then  a 
screw  will  be  obtained  of  the  kind  proper  for  pro- 
pelling vessels,  except  that  only  a  very  short  piece  of 
such  screw  must  be  employed.  Whatever  be  the 
number  of  threads  wound  upon  a  cylinder,  if  the  cy- 
linder be  cut  across  all  the  threads  will  be  cut.  A 
slice  cut  out  of  the  cylinder  will  therefore  contain  a 
piece  of  each  thread.  But  the  threads,  in  the  case  of 
a  screw  propeller,  answer  to  the  arms,  so  that  in  every 
screw  propeller  the  number  of  threads  entering  into 
the  composition  of  the  screw  will  be  the  same  as  the 
number  of  arms.  An  ordinary  screw  with  two  blades 
is  a  short  piece  of  a  screw  of  two  threads. 

66S.  Q.  —  In  what  part  of  the  ship  is  the  screw 
usually  placed  ? 

A> —  In  that  part  of  the  run  of  the  ship  called  the 
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dead  wood,  which  is  a  thin  and  unused  part  of  the 
vessel  just  in  advance  of  the  rudder.  The  usual  ar- 
rangement is  shown  in  fig.  48.,  which  represents  the 


Fig.4A, 


Hodgson's  Scmbw  Pftopiixn. 

application  to  a  vessel  of  a  species  of  screw  which  has 
the  arms  bent  backwards,  to  counteract  the  centrifugal 
motion  given  to  the  water  when  there  is  a  considerable 
amount  of  slip. 

^^.  Q, —  How  is  the  slip  in  a  screw  vessel  deter- 
mined? 

A,  —  By  comparing  the  actual  speed  of  the  vessel 
with  the  speed  due  to  the  pitch  and  number  of  revo- 
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lutioDS  of  the  screw,  or,  what  is  the  same  thing,  the 
speed  which  the  yessel  would  attain  if  the  screw 
worked  in  a  sotid  nut  The  difiference  between  the 
actual  speed  and  this  hypothetical  speed,  is  the  slip. 

667.  Q. — In  well  formed  screw  propellers  what  is 
the  amount  of  slip  found  to  be  ? 

A.  —  If  the  screw  be  properly  proportioned  to  the 
resistance  that  the  vessel  has  to  overcome,  the  slip 
will  not  be  more  than  10  per  cent,  but  in  some  cases 
it  amounts  to  SO  per  cent.,  or  even  more  than  this.  In 
other  cases,  however,  the  slip  is  nothing  at  all,  and 
even  less  than  nothing  ;  or«  in  other  words,  the  vessel 
passes  through  the  water  with  a  greater  velodtj  than 
if  the  screw  were  woi^ing  in  a  solid  nut 

568.  Q — Then  it  miMt  be  by  the  aid  of  the  wind 
or  some  other  extraneoM  force  ? 

A,  —  No ;  by  the  action  of  the  screw  alone. 

669.   Q. —  But  how  is  such  a  result  possible  ? 

A.  — It  appears  to  be  mainly  owing  to  the  centri- 
fagal  action  of  the  screw,  which  interposes  a  film  or 
wedge  of  water  between  the  screw  itself  and  the 
water  on  which  the  screw  reacts.  This  negative  slip, 
as  it  is  called,  chiefly  occurs  when  the  pitch  of  the 
screw  is  less  than  its  diameter,  and  when,  conse« 
quently,  the  velocity  of  rotation  is  greater  than  if  a 
coarser  pitch  had  been  employed.  There  is,  moreover, 
in  all  vessels  passing  through  the  water  with  any  cop- 
siderable  velocity,  a  current  of  water  following  the 
vessel,  in  which  current,  in  the  case  of  a  screw  veseel, 
the  screw  will  revolve  ;  and  in  certain  cases  the  phe- 
nomenon of  negative  slip  may  be  imputable  in  part  to 
the  existence  of  this  current 
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670.  Q. — Is  the  screw  propeller  as  effectual  an 
instrument  of  propulsion  as  the  radial  or  feathering 
paddle  ? 

A.  —  In  all  cases  of  deep  immersion  it  appears  to 
be  quite  as  effectual  as  the  radial  paddle,  indeed,  more 
so;  but  it  is  scarcely  as  effectual  as  the  feathering 
paddle,  with  any  amount  of  immersion,  and  scarcely 
as  effectual  as  the  common  paddle  in  the  case  of  light 
immersioDS. 


COMPABATIYE  ADVANTAGES  OF  PADDLE  AND  SCREW 
VESSELS. 

571.  Q. — Whether  do  you  consider  paddle  or  screw 
vessels  to  be  on  the  whole  the  most  advantageous  ? 

A. —  That  is  a  large  question,  and  can  only  receive 
a  qualified  answer.  In  some  cases  the  use  of  paddles 
is  indispensable,  as,  for  example,  in  the  case  of  river 
vessels  of  a  limited  draught  of  water,  where  it  would 
not  be  possible  to  get  sufficient  depth  below  the  water 
surface  to  enable  a  screw  of  a  proper  diameter  to  be 
got  in. 

572.  Q. —  But  how  does  the  matter  stand  in  the 
ease  of  ocean  vessels  ? 

^.•— In  the  case  of  ocean  vessels,  it  is  found  thai 
paddle  vessels  fitted  with  the  ordinary  radial  wheels, 
and  screw  vessela  fitted  with  the  ordinary  screw,  are 
about  equally  efilcient  in  calms  and  in  fair  or  beam 
winds  with  light  and  medium  immersions.  If  the 
vessels  are  loaded  deeply,  however,  as  vessels  starting 
on  a  long  voyage  and  carrying  much  coal  must  almost 
neceasarily  be,  then  the  screw  has  an  advantage,  since 
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the  screw  acts  in  its  best  manner  when  deeply  im- 
mersed, and  the  paddles  in  their  worst  When  a 
screw  and  paddle  vessel,  however,  of  the  same  model 
and  power  are  set  to  encounter  head  wind%  the  paddle 
vessel  it  is  found  has  in  all  cases  an  advantage,  not  in 
speed,  but  in  economy  of  fuel.  For  whereas  in  a 
paddle  vessel,  when  her  progress  is  resisted,  the  speed 
of  the  engine  diminishes  nearly  in  the  proportion  of 
the  diminished  speed  of  ship,  it  happens  that  in  a 
screw  vessel  this  is  not  so, — at  least  to  an  equal  ex- 
tent,— but  the  engines  work  with  nearly  the  same  rate 
of  speed  as  if  no  increase  of  resistance  had  been  en- 
countered by  the  ship.  It  follows  from  this  circum- 
stance, that  whereas  in  paddle  vessels  the  consumption 
of  steam,  and  therefore  of  fuel,  per  hour  is  materially 
diminished  when  head  winds  occur,  in  screw  vessels 
a  similar  diminution  in  the  consumption  of  steam  and 
fuel  does  not  take  place. 

573.  Q.-— But  perhaps  under  such  circumstances 
the  speed  of  the  screw  vessel  will  be  the  greater  of 
the  two  ? 

A. —  No  ;  the  speed  of  the  two  vessels  will  be  the 
soine,  unless  the  strength  of  the  head  wind  be  so  great 
as  to.  bring  the  vessels  nearly  to  a  state  of  rest,  and  on 
that  supposition  the  screw  vessel  will  have  the  ad- 
vantage. Such  cases  occur  very  rarely  in  practice  ; 
and  in  the  case  of  the  ordinary  resistances  imposed  by 
head  winds,  the  speed  of  the  screw  and  paddle  veaaei 
will  be  the  same,  but  the  screw  vessel  will  consnme 
most  coals. 

574.  Q. — What  is  the  cause  of  this  pecnliarit^  ? 
A,  —  The  cause  is,  that  when  the  screw  is  so  pro* 
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portioned  in  its  length  as  to  be  most  suitable  for  pro- 
pelling vessels  in  calms,  it  is  too  short  to  be  suitable 
for  propelling  vessels  which  encounter  a  very  heavy 
resistance.  It  follows,  therefore,  that  if  it  is  prevented 
from  pursuing  its  spiral  course  in  the  water,  it  will 
displace  the  water  to  a  certain  extent  laterally,  in  the 
manner  it  does  if  the  engine  be  set  on  when  the  vessel 
is  at  anchor ;  and  a  part  of  the  engine  power  is  thus 
wasted  in  producing  a  useless  disturbance  of  the  water, 
which  in  paddle  vessels  is  not  expended  at  all. 

575.  Q. —  K  a  screw  and  paddle  vessel  of  the  same 
mould  and  power  be  tied  stern  to  stern^  will  not  the 
screw  vessel  preponderate  and  tow  the  paddle  vessel 
astern  against  the  whole  force  of  her  engines  ? 

A.  —  Yes,  that  will  be  so. 

576.  Q.  —  And  seeing  that  the  vessels  are  of  the 
same  mould  and  power,  so  that  neither  can  derive  an 
advantage  from  a  variation  in  that  condition,  does  not 
the  preponderance  of  the  screw  vessel  show  that  the 
screw  must  be  the  most  powerful  propeller  ? 

^..^Ko,  it  does  not. 

577.  Q.  —  Seeing  that  the  vessels  are  the  same  in 
all  respects  except  as  regards  the  propellers,  and  that 
one  of  them  exhibits  a  superiority,  does  not  this  cir- 
cumstance show  that  one  propeller  must  be  more 
powerful  than  the  other  ? 

A*  —  That  does  not  follow  necessarily,  nor  is  it  the 
fact  in  this  particular  case.  All  steam  vessels  when 
set  into  motion,  will  force  themselves  forward  with 
an  amount  of  thrust  which,  setting  aside  the  loss  from 
friction  and  from  other  causes,  will  just  balance  the 
preesure  on  the  pistons.    In  a  paddle  vessel,  as  has 

00 
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already  been  explained,  it  is  easj  to  tell  the  tr&ctiTe 
force  exerted  at  the  centre  of  pressure  of  the  paddle 
wheels,  when,  the  pressure  urging  the  pistons,  the 
dimensions  of  the  wheels  and  the  speed  of  the  vessel 
are  known ;  and  that  force,  whatever  be  its  amount, 
must  always  continue  the  same  with  any  constant 
pressure  on  the  pistons.  In  a  screw  vessel  the  same 
law  applies,  so  that  with  any  given  pressure  on  the 
pistons  and  discarding  the  consideration  of  friction,  it 
will  follow  that  whatever  be  the  thrust  exerted  by  a 
paddle  or  a  screw  vessel,  it  must  remain  uniform 
whether  the  vessel  is  in  motion  or  at  rest,  and  whether 
moving  at  a  high  or  a  low  velocity  through  the  water. 
Now  to  achieve  an  equal  speed  during  calms  in  two 
vessels  of  the  same  model,  there  must  be  the  same 
amount  of  propelling  thrust  in  each  ;  and  this  thrust, 
whatever  be  its  amount,  cannot  afterwards  vary  if  a 
uniform  pressure  of  steam  be  maintained.  The  thrusts, 
therefore,  caused  by  their  respective  propelling  instru- 
ments, when  a  screw  and  paddle  vessel  are  tied  stem  to 
stern,  must  be  the  same  as  at  other  times ;  and  as  at 
other  times  those  thrusts  are  equal,  so  must  tbej  be 
when  the  vessels  are  set  in  the  antagonism  supposed. 

578.  Q.  —  How  comes  it  then  that  the  screw  vessel 
preponderates  ? 

A. —  Not  by  virtue  of  a  larger  thrust  exerted  by 
the  screw  in  pressing  forward  the  shaft  and  with  it 
the  vessel,  but  by  the  gravitation  against  the  stem  of 
the  wave  of  water  which  the  screw  raises  by  its  rapid 
rotation.  This  wave  will  only  be  raised  very  high 
when  the  progress  of  the  vessel  through  the  water  is 
nearly  arrested,  at  which  time  the  centrifugal  action 
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of  the  screw  is  very  great ;  and  the  vessel  under  such 
circumstances  is  forced  forward  partly  by  the  thrust 
of  the  screw,  and  partly  by  the  hydrostatic  pressure 
of  the  protuberance  of.  water  which  the  centrifugal 
action  of  the  screw  raises  up  at  the  stern. 

679.  Q. —  Can  you  state  any  facts  in  corroboration 
of  this  view  ? 

A.  —  The  screw  vessel  will  not  preponderate  if  a 
screw  and  paddle  vessel  be  tied  bow  to  bow  and  the 
engines  of  each  be  then  reversed.  In  some  screw 
vessels  the  amount  of  thrust  actually  exerted  by  the 
screw  under  all  its  varying  circumstances,  has  been 
ascertained  by  the  application  of  a  dynamometer  to 
the  end  of  the  shaft.  By  this  instrument  — which  is 
formed  by  a  combination  of  levers  like  a  weighing 
machine  for  carts  —  a  thrust  or  pressure  of  several 
tons  can  be  measured  by  the  application  of  a  small 
weight;  and  it  has  been  found,  by  repeated  experiment 
with  the  dynamometer,  that  the  thrust  of  the  screw 
in  a  screw  vessel  when  towing  a  paddle  vessel  against 
the  whole  force  of  her  engines,  is  just  the  same  as  it 
is  when  the  two  vessels  are  maintaining  an  equal 
Bpeed  in  calms.  The  preponderance  of  the  screw 
vessel  must,  therefore,  be  imputable  to  some  other 
agency  than  to  a  superior  thrust  of  the  screw,  which 
is  found  by  experiment  not  to  exist. 

580.  Q.  —  Has  the  dynamometer  been  applied  to 
paddle  vessels  ? 

A,  —  It  has  not  been  applied  to  the  vessels  them- 
selves, as  in  the  case  of  screw  vessels,  but  it  has  been 
employed  on  shore  to  ascertain  the  amount  of  tractive 
force  that  a  paddle  vessel  can  exert  on  a  rope. 
0  c  2 
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581.  Q.  —  Have  any  experiments  been  made  to 
determine  the  comparative  performances  of  screw  and 
paddle  vessels  at  sea  ? 

A — Yes^  numerous  experiments;  of  which  the  best 
known  are  probably  those  made  on  the  screw  steamer 
Rattler  and  the  paddle  steamer  Alecto^  each  vessel  of 
the  same  model,  size,  and  power, — each  vessel  being 
of  about  800  ions  burden  and  200  horses  power.  Sub- 
sequently another  set  of  experiments  with  the  same 
object  was  made  with  the  Niger  screw  steamer  and 
the  Basilisk  paddle  steamer,  both  vessels  being  of 
about  1000  tons  burden  and  400  horses  power.  The 
general  results  which  were  obtained  in  the  courae  of 
these  experiments  are  those  which  have  been  already 
recited. 

582.  Q.  —  Will  you  recapitulate  some  of  the  main 
incidents  of  these  trials? 

A.  —  I  may  first  state  some  of  the  chief  dimensions 
of  the  vessels.  The  Rattler  is  176  feet  6  inches  long, 
32  feet  8^  inches  broad,  888  tons  burden,  200  horses 
power,  and  has  an  area  of  immersed  midship  section  of 
380  square  feet  at  a  draught  of  water  of  1 1  feet  5^ 
inches.  The  Alecto  is  of  the  same  dimensions  in  every 
respect,  except  that  she  is  only  of  800  tons  burden,  the 
difference  in  this  particular  being  wholly  owing  to  the 
Rattler  having  been  drawn  out  about  15  feet  at  the 
stern,  to  leave  abundant  room  for  the  application  of 
the  screw.  The  Rattler  was  fitted  with  a  dynamo- 
meter, which  enabled  the  actual  propelling  thmst  of 
the  screw  shaft  to  be  measured ;  and  the  amount  of 
this  thrust,  multiplied  by  the  distance  through  whicii 
the  vessel  passed  in  a  given  time,  would  determine 
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the  amount  of  power  actually  utilised  in  propellin^^ 
the  ship.  Both  vessels  were  fitted  with  indicatory 
applied  to  the  cylinders,  so  as  to  determine  the  amount 
of  power  exerted  by  the  engines. 

683.  Q. — How  many  trials  of  the  vessels  were 
made  on  this  occasion  ? 

A.  —  Twelve  trials  in  all ;  but  I  need  not  refer  to 
those  in  which  similar  or  identical  results  were  only 
repeated.  The  first  trial  was  made  under  steam  only, 
the  weather  was  calm  and  the  water  smooth.  At  54  . 
minutes  past  4  in  the  morning  both  vessels  left  the 
Nore,  and  at  30^  minutes  past  2  the  Rattler  stopped 
her  engines  in  Yarmouth  Roads,  where  in  20^  minutes 
afterwards  she  was  joined  by  the  Alecto.  The  mean 
speed  achieved  by  the  Rattler  during  this  trial  was 
9*2  knots  per  hour ;  the  mean  speed  of  the  Alecto  was 
8"8  knots  per  hour.  The  slip  of  the  screw  was  10-2 
per  cent.  The  actual  power  exerted  by  the  engines, 
as  shown  by  the  indicator,  was  in  the  case  of  the 
Rattler  334*6  horses,  and  in  the  case  of  the  Alecto 
281-2  horses;  being  a  difference  of  53'4  horses  in 
favour  of  the  Rattler.  The  forward  thrust  upon  the 
screw  shaft  was  3  tons,  17  cwt.,  3  qrs.,  and  14  lbs. 
The  horse  power  of  the  shaft  —  or  power  actually 
utilised  —  ascertained  by  multiplying  the  thrust  in 
pounds  by  the  space  passed  through  by  the  vessel  in 
feet  per  minute,  and  dividing  by  33,000,  was  247*8 
horses  power.  This  makes  the  ratio  of  the  shaft  to 
the  engine  power  as  1  to  1*3,  or,  in  other  words,  it 
shows  that  the  amount  of  engine  power  utilised  in 
propulsion  was  77  per  cent.  In  a  subsequent  trial 
made  with  the  vessels  running  before  the  wind,  but 
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with  no  sails  set  and  the  masts  strack,  the  speed 
realised  hy  the  Rattler  was  10  knots  per  hour.  The 
slip  of  the  screw  was  1 1*2  per  cent  The  actual  power 
exerted  hy  the  engines  of  the  Rattler  was  368-8 
horses.  The  actual  power  exerted  hy  the  engines  of 
the  Alecto  was  291*7  horses.  The  thrust  of  the  shaft 
was  equal  to  a  weight  of  4  tons,  4  cwt,  1  qr.,  1  lb. 
The  horse  power  of  the  shaft  was  290*2  horses,  and 
the  ratio  of  the  shaft  to  the  engine  power  was  1  to 
.  1*2.  Here,  therefore,  the  amount  of  the  engine  power 
utilised  was  84  per  cent. 

584.  Q.  —  If  in  any  screw  vessel  the  power  of  the 
engine  be  diminished  by  shutting  off  the  steam  or 
otherwise,  you  will  then  have  a  larger  screw  reUtively 
with  the  power  of  the  engine  than  before  ? 

A.  —  Yes. 

585.  Q.  —  Was  any  experiment  made  to  ascertain 
the  effect  of  this  modification  ? 

A.  —  There  was ;  but  the  result  was  not  found  to 
be  better  than  before.  The  experiment  was  made  by 
shutting  off  the  steam  from  the  engines  of  the  Rattler, 
until  the  number  of  strokes  was  reduced  to  17  in  the 
minute.  The  actual  power  was  then  126*7  horses; 
thrust  upon  the  shaft  2  tons,  2  cwt,  3  qrs.,  14  lbs. ; 
horse  power  of  shaft  88*4  horses;  ratio  of  shaft  to 
engine  power  1  to  1*4;  slip  of  the  screw  18-7  per 
cent.  In  this  experiment  the  power  utilised  was  71 
per  cent 

686.  Q.  —  Was  any  experiment  made  to  determine 
the  relative  performances  in  head  winds  ? 

A.  —  The  trial  in  which  this  relation  was  best 
determined  lasted  for  seven  hours,  and  was  made 
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against  a  strong  head  wind  and  heavy  head  sea.  The 
speed  of  the  Battler  by  patent  log  was  4*2  knots  ;  and 
at  the  conclusion  of  the  trial  the  Alecto  had  the  ad- 
vantage by  about  half  a  mile.  Owing  to  an  accidental 
injury  to  the  indicator,  thp  power  exerted  by  the 
engines  of  the  Battler  in  this  trial  could  not  be  ascer- 
tained ;  but  judging  from  the  power  exerted  in  other 
experiments  with  the  same  number  of  revolutions,  it 
appears  probable  that  the  power  actually  exerted  by 
the  Rattler  was  about  300  horses.  The  number  of 
strokes  per  minute  made  by  the  engines  of  the  Rattler 
was  22,  whereas  in  the  Alecto  the  number  of  strokes 
per  minute  was  only  12 ;  so  that  while  the  engines  of 
the  Alecto  were  reduced,  by  the  resistance  occasioned 
by  a  strong  head  wind,  to  nearly  half  their  usual 
speed,  the  engines  of  the  Rattler  were  only  lessened 
about .  one-twelfth  of  their  usual  speed.  The  mean 
thrust  upon  the  screw  shaft  during  this  experiment, 
was  4  tons,  7  cwt.,  0  qr.,  16  lbs.  The  horse  power  of' 
the  shaft  was  125-9  horses,  and  the  slip  of  the  screw 
was  56  per  cent  Taking  the  power  actually  exerted 
by  the  Rattler  at  300  horses,  the  power  utilised  in 
this  experiment  is  only  42  per  cent. 

587.  Q. —  What  are  the  dimensions  of  the  screw 
in  the  Rattler? 

^."—Diameter  10  feet,  length  1  foot  3  inches, 
pitch  1 1  feet.  The  foregoing  experiments  show  that 
with  a  larger  screw  a  better  average  performance 
would  be  obtained.  The  best  result  arrived  at^  was 
wheu  the  vessel  was  somewhat  assisted  by  the  wind, 
which  is  equivalent  to  a  reduction  of  the  resistance  of 
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the  hull,  or  to  a  smaller  hull,  which  is  only  another 
expression  for  a  larger  proportionate  screw. 

588.  Q.  —  When  you  speak  of  a  larger  screw, 
what  increase  of  dimension  do  you  mean  to  express? 

A.  —  An  increase  of  the  diameter.  The  amount  of 
reacting  power  of  the  screw  upon  the  water  is  not 
measured  hy  the  number  of  square  feet  of  surface  of 
the  arms,  but  by  the  area  of  the  disc  or  circle  in  which 
the  screw  revolves.  The  diameter  of  the  screw  of 
the  Battler  being  10  feet,  the  area  of  its  disc  is  78*5 
square  feet ;  and  with  the  amount  of  thrust  already 
mentioned  as  existing  in  the  first  experiment,  yiz. 
8722  lbs.,  the  reacting  pressure  on  each  square  foot  of 
the  screw's  disc  will  be  108^  lbs.  The  immers^ 
midship  section  being  380  square  feet,  this  is  equiva- 
lent to  23  lbs.  per  square  foot  of  immersed  midship 
section  at  a  speed  of  9*2  knots  per  hour. 

589.  Q.  —  In  smaller  vessels  of  similar  form,  will 
the  resistance  per  square  foot  of  midship  section  be 
more  than  this  ? 

A, — It  will  be  considerably  more.  In  the  Pelican, 
a  vessel  of  109f  square  feet  of  midship  section,  1 
estimate  the  resistance  per  square  foot  of  midship 
section  at  30  lbs.,  when  the  speed  of  the  vessel  is  9*7 
knots  per  hour.  In  the  Minx  with  an  immersed 
midship  section  of  82  square  feet,  the  resistance  per 
square  foot  of  immersed  midship  section  was  found 
by  the  dynamometer  to  be  41  lbs.  at  a  speed  of  8| 
knots;  and  in  the  Dwarf,  a  vessel  with  60  square 
feet  of  midship  section,  I  estimate  the  resistance  per 
square  foot  of  midship  section  at  46  lbs.  at  a  speed  of 
9  knots  per  hour,  which  is  just  double  the  resbtance 
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per  square  foot  of  the  Rattler.  The  diameter  of  the 
screw  of  the  Minx  is  4^  feet^  so  that  the  area  of  its 
disc  is  15*9  fiquare  fee^  and  the  area  of  immersed 
midship  section  is  about  5  times  greater  than  that  of 
the  screw's  disc.  The  diameter  of  the  screw  of  the 
Dwarf  is  5  feet  8  inches,  so  that  the  area  of  its  disc  is 
25*22  fiquare  feet,  and  the  area  of  immersed  midship 
section  is  2*4  times  greater  than  that  of  the  screw's 
disc.  The  pressure  per  square  foot  of  the  screw's 
disc  is  214  lbs.  in  the  case  of  the  Minx,  and  109^  lbs. 
in  the  case  of  the  Dwarf. 

590.  Q. —  From  the  greater  proportionate  resist- 
ance of  small  vessels,  will  not  they  require  larger 
proportionate  screws  than  large  vessels  ? 

A — They  will. 

591.  Q. —  Is  there  any  ready  means  of  predicting 
what  the  amount  of  thrust  of  a  screw  will  .be  ? 

A, —  When  we  know  the  amount  of  pressure  on 
the  pistons,  and  the  velocity  of  their  motion  relatively 
with  the  velocity  of  advance  made  by  the  screw, 
supposing  it  to  work  in  a  solid  nut,  it  is  easy  to  tell 
what  the  thrust  of  the  screw  would  be  if  it  were 
cleared  of  the  effects  of  friction  and  other  irregular 
sources  of  disturbance.  The  thrust,  in  fact,  would  be 
at  once  found  by  the  principle  of  virtual  velocities;  and 
if  we  take  this  theoretical  thrust  and  diminish  it  by 
one-fourth  to  compensate  for  friction  and  lateral  slip, 
we  shall  have  a  near  approximation  to  the  amount  of 
thrust  that  will  be  actually  exerted.* 

•  See  Treatise  on  the  Screw  Propeller,  by  J.  Bourne,  C.E. 
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COafPARATIYE    ADVANTAGES  OF  DIFFKRENT  KIM>S    OF 
SCREWS. 

592.  Q.  —  What  species  of  screw  do  70a  consider 
the  best  ? 

A. — In  cases  in  which  a  large  diameter  of  screw 
can  be  employed,  the  ordinary  screw  or  helix  with 
two  blades  seems  to  be  as  effective  as  any  other,  and 
it  is  the  most  easily  constructed.  If,  however,  the 
screw  is  restricted  in  diameter,  or  if  the  vessel  is 
required  to  tow,  or  will  have  to  encounter  habitually 
strong  head  winds,  it  will  be  preferable  to  employ  a 
screw  with  an  increasing  pitch,  and  also  of  such  other 
configuration  that  it  will  recover  from  the  water  some 
portion  of  the  power  that  has  been  expended  in  slip. 

593.  Q. — How  can  this  be  done? 

A.  —  There  are  screws  which  are  intended  to  accom- 
plish this  object  already  in  actual  use.  When  there  is 
much  slip  a  centrifugal  velocity  is  given  to  the  water, 
and  the  screw,  indeed,  if  the  engine  be  set  on  when 
the  vessel  is  at  rest,  acts  very  much  as  a  centrifugal 
fan  would  do  if  placed  in  the  same  situation.  The 
water  projected  outwards  by  the  centrifugal  force 
escapes  in  the  line  of  least  resistance,  which  is  to  the 
surface ;  and  if  there  be  a  high  column  of  water  over 
the  screw,  or,  in  other  words,  if  the  screw  is  deeply 
immersed,  then  the  centrifugal  action  is  resisted  to  a 
greater  extent,  and  there  will  be  less  slip  produced. 
The  easiest  expedient,  therefore,  for  obviating  loss 
by  slip  is  to  sink  the  screw  deeply  in  the  water ;  but 
as  there  are  obvious  limits  to  the  application  of  this 
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remedy,  the  next  best  device  is  to  recoTer  and  render 
available  for  propulsion  some  part  of  the  power 
which  has  been  expended  in  giving  motion  to  the 
water.  One  device  for  doing  this  consists  in  placing 
the  screw  well  forward  in  the  dead  wood,  so  that  it 
shall  be  overhung  by  the  stern  of  the  ship.  The 
water  forced  upward  by  the  centrifugal  action  of  the 
screw  willy  by  impinging  on  the  overhanging  stern, 
press  the  vessel  forward  in  the  water,  just  in  the 
same  way  as  is  done  by  the  wind  when  acting  on  an 
oblique  saiL  I  believe,  that  two  revolving  vanes 
vnthout  any  twist  or  obliquity  on  them  at  all,  would 
propel  a  vessel  if  set  well  forward  in  the  dead  wood 
or  beneath  the  bottom,  merely  by  the  ascent  of  the 
water  up  the  inclined  plane  of  the  vessel's  run ;  and, 
at  all  events,  a  screw  so  placed  would,  in  my  judg- 
ment, aid  materially  in  propelling  the  vessel  when  her 
progress  was  resisted  by  head  winds. 

594.  Q.  —  But  you  said  there  are  some  kinds  of 
screws  which  profess  to  accomplish  this  ? 

A.  —  There  are  screws  which  profess  to  counteract 
the  centrifugal  velocity  given  to  the  water  by  impart* 
ing  to  it  an  equal  centripetal  force,  the  consequence  of 
which  will  be,  that  the  water  projected  backward  by 
the  screw,  instead  of  taking  the  form  of  the  frustrum 
of  a  cone,  with  its  small  end  next  the  screw,  will  take 
the  form  of  a  cylinder.  One  of  these  forms  of  screw 
is  that  patented  by  the  Earl  of  Dundonald  in  1843, 
and  which  is  represented  in  fig.  49.  Another  is  the 
form  of  screw  already  represented  in  fig,  48.,  and 
which  was  patented  by  Mr.  Hodgson  in  1844.  Mr* 
Hodgson  bends  the  arms  of  his  propellers  backward. 
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not  into  the  form  of  a  triangle,  but  into  the  form  of  a 
parabola,  to  the  end  that  the  impact  of  the  screw  on 
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the  particles  of  the  water  may  cause  them  to  converge 
to  a  focus,  as  the  rajs  of  light  would  do  in  a  parabolic 
ref  ector.  But  this  particular  configuration  is  not 
important,  seeing  that  the  same  convergence  which 
is  given  to  the  particles  of  the  water,  with  a  screw  of 
uniform  pitch  bent  back  into  the  form  of  a  parabola, 
will  be  given  with  a  screw  bent  back  into  the  form  of 
a  triangle,  if  the  pitch  be  suitably  varied  between  the 
centre  and  the  circumference. 

595.  Q. — Then  the  pitch  maj  be  varied  in  two 
ways? 

A. — Yes :  a  screw  may  have  a  pitch  increasing  in 
the  direction  of  the  length,  as  would  happen  in  the 
case  of  a  spiral  stair,  if  every  successive  step  in  the 
ascent  was  thicker  than  the  one  below  it ;  or  it  maj 
increase  from  the  centre  to  the  circumference,  as 
would  happen  in  the  case  of  a  spiral  stair,  if  every 
step  were  thinner  at  the  centre  of  the  tower  than  at 
its  outer  walL     When  the  pitch  of  a  screw  increases 
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in  the  direction  of  its  length,  the  leading  edge  of  the 
screw  enters  the  water  without  shock  or  impact,  as 
the  advance  of  the  leading  edge  per  revolution  will 
not  be  greater  than  the  advance  of  the  vessel.  When 
the  pitch  of  a  screw  increases  in  the  direction  of  its 
diameter,  the  central  part  of  the  screw  will  advance 
with  only  the  same  velocity  as  the  water,  so  that  it 
cannot  communicate  any  centrifugal  velocity  to  the 
water ;  and  the  whole  slip,  as  well  as  the  whole  pro- 
pelling pressure,  will  occur  at  the  outer  part  of  the 
screw  blades. 

596.  Q. — Is  there  any  advantage  derived  from  these 
forms  of  screws? 

A.  —  There  is  a  slight  advantage,  but  it  is  so 
slight  as  hardly  to  balance  the  increased  trouble  of 
manufacture,  and,  consequently,  they  are  not  generally 
or  widely  adopted. 

597.  Q. — What  other  kinds  of  screw  are  there 
proposing  to  themselves  the  same  or  similar  objects  ? 

A There  is  the  corrugated  screw,  the  arms  of 

which  are  corrugated,  so  as  it  were  to  gear  with  the 
water  during  its  revolution,  and  thereby  prevent  it 
from  acquiring  a  centrifugal  velocity.  'Then  there  is 
Griffith's  screw,  which  has  a  large  ball  at  its  centre, 
which,  by  the  suction  it  creates  at  its  hinder  part,  in 
passing  through  the  water,  produces  a  converging 
force,  which  partly  counteracts  the  divergent  action 
of  the  arms.  Finally,  there  is  Holm's  screw,  which 
has  now  been  applied  to  a  good  number  of  vessels 
with  success. 

598.  Q. — Will  you  describe  the  configuration  and 
action  of  Holm's  screw  ? 
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A. — First,  then,  the  screw  increases  in  the  direction 
of  its  length,  and  this  increase  is  verj  rapid  at  the 
following  edge,  so  that,  in  fact,  the  foUowing  edge 
stands  in  the  plane  of  the  shaft,  or  in  the  vertical 
longitudinal  plane  of  the  vesseL  Then  the  ends  of 
the  arms  are  bent  over  into  a  curved  flange,  the  edge 
of  which  points  astern,  and  the  point  where  this  curved 
flange  joins  the  following. edge  of  the  screw  is  formed, 
not  into  an  angle,  hut  into  a  portion  of  a  sphere,  so 
that  this  corner  resembles  the  bowl  of  a  spoon.  When 
the  screw  is  put  into  revolution,  the  water  is  encoan- 
tered  hj  the  leading  edge  of  the  screw  without  shock, 
as  its  advance  is  only  equal  to  the  advance  of  the 
vessel,  and  before  the  screw  leaves  the  water  it  is 
projected  directly  astern.  At  the  same  time,  the 
curved  flange  at  the  rim  of  the  screw  prevents  the  dis- 
persion of  the  water  in  a  radial  direction,  and  it  con- 
sequently assumes  the  form  of  a  column  or  cylinder  of 
water,  projected  backward  from  the  ship. 

599.  Q.  —  What  is  the  nature  of  Seattle's  screw  ? 
A.  —  Beattie's  screw  is  an   arrangement  of  the 

screw  propeller  whereby  it  is  projected  beyond  the 
rudder,  and  fhe  main  object  of  the  arrangement  is  to 
take  away  the  vibratory  motion  at  the  stem,— an  inten- 
tion which  it  accomplishes  in  practice.  There  is  an 
oval  eye  in  the  rudder,  to  permit  the  screw  shaft  to 
pass  through  it,  as  shown  in^.  50* 

600.  Q.  —  When  the  diameter  of  the  cylinder  of 
water  projected  backward  by  a  screw,  and  the  force 
urging  it  into  motion  are  known,  may  not  the  velocity 
it  will  acquire  be  approximately  determined  ? 

-4.— That  will  not  be  very  difficult;  and  I  will  take 
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for  illustration  the  case  of  the  Minx,  already  referred 
to,  which  will  show  how  such  a  computation  is  to  be 

Fig.  60, 

1 T"* 
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a  a  the  rudder,  s  the  shaft,  b  boss  for  supporting  shaft. 

conducted.  The  speed  of  this  vessel,  in  one  of  the  ex- 
periments made  with  her,  was  8'445  knots;  the  number 
of  revolutions  of  the  screw  per  minute,  231*82;  and 
the  pressure  on  each  square  foot  of  area  of  the  screw's 
disc,  214  lbs.  If  a  knot  be  taken  to  be  6075*6  feet, 
then  the  distance  advanced  by  the  vessel,  when  the 
speed  is  8*445  knots,  will  be  3*7  feet  per  revolution, 
and  this  advance  will  be  made  in  about  *26  of  a  second 
of  time.  Now  the  distance  which  a  body  will  fall  by 
gravity,  in  '26 of  a  second,  is  1*087  feet;  and  a  weight 
of  214  lbs.  put  into  motion  by  gravity,  or  by  a  pressure 
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of  214  lbs.,  would,  therefore,  acquire  a  velocity  of 
1  '087  feet  during  the  time  one  revolution  of  the  screw 
is  being  performed.  The  weight  to  be  moved,  how- 
ever, is  3 '7  cubic  feet  of  water,  that  being  the  new 
water  seized  by  the  screw  each  revolution  for  every 
square  foot  of  surface  in  the  screw's  disc;  and  3*7 
cubia  feet  of  water  weigh  231*5  lbs.,  so  that  the 
urging  force  of  214  lbs.  is  somewhat  less  than  the 
force  of  gravity,  and  the  velocity  of  motion  communi- 
cated to  the  water  will  be  somewhat  under  1*087  feet 
per  revolution,  or  we  may  say  it  will  be  in  round 
numbers  1  foot  per  revolution.  This,  added  to  the 
progress  of  the  vessel,  will  make  the  distance  advanced 
by  the  screw  through  the  water  4*7  feet  per  revolu- 
tion, leaving  the  difference  between  this  and  the  pitch, 
namely  1*13  feet,  to  be  accounted  for  on  the  supposi- 
tion  that  the  screw  blades  had  broken  laterally  through 
the  water  to  that  extent.  It  would  be  proper  to  apply 
some  correction  to  this  computation,  which  would 
represent  the  increased  resistance  due  to  the  immersion 
of  the  screw  in  the  water ;  for  a  column  of  water  can- 
not be  moved  in  the  direction  of  its  axis  beneath  the 
surface,  without  giving  motion  to  the  superincumbent 
water,  and  the  inertia  of  this  superincumbent  water 
must,  therefore,  be  taken  into  the  account  In  the 
experiment  upon  the  Minx,  the  depth  of  this  superin- 
cumbent column  was  but  small.  The  total  amount  of 
the  slip  was  36*53  per  cent. ;  and  there  will  not  be 
much  error  in  setting  down  about  one-half  of  this  as 
due  to  the  recession  of  the  water  in  the  direction  of  the 
vessel's  track,  and  the  other  half  as  due  to  the  lateral 
penetration  of  the  screw  blades. 
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601.  Q. —  Is  it  not  important  to  make  the  stern  of 
screw  vessels  very  fine,  with  the  view  of  diminishing 
the  slip,  and  increasing  the  speed  ? 

A,  —  It  is  most  important.  The  Bifieman,  a  vessel 
of  486  tons,  had  originallj  engines  of  200  horses 
power,  whidi  propelled  her  at  a  speed  of  8  knots  an 
hoar.  The  Teazer,  a  vessel  of  296  tons,  had  originally 
engines  of  100  horses  power,  which  propelled  her  at  a 
speed  of  6^  knots  an  hour.  The  engines  of  the  Teazer 
were  subsequently  transferred  to  the  Bifieman,  and 
new  engines  of  40  horse  power  were  put  into  the 
Teazer.  Both  vessels  were  simultaneously  sharpened 
at  the  stem,  and  the  result  was,  that  the  100  horse 
engines  drove  the  Bifieman,  when  sharpened,  as  fast 
as  she  had  previously  been  driven  by  the  200  horse 
engines ;  and  the  40  horse  engines  drove  the  Teazer, 
when  sharpened,  a  knot  an  hour  faster  than  she  had 
previously  been  driven  by  the  100  horse  engines. 
The  immersion  of  both  vessels  was  kept  unchanged  in 
each  case ;  and  the  100  horse  engines  of  the  Teazer, 
when  transferred  to  the  Bifleman,  drove  that  vessel 
aflter  she  had  been  sharpened,  2  knots  an  hour  faster 
than  they  had  previously  driven  a  vessel  not  much 
more  than  half  the  size.  These  are  important  facts 
for  every  one  to  be  acquainted  with  who  is  interested 
in  the  success  of  screw  vessels,  and  who  seeks  to 
obtain  the  maximum  of  efficiency  with  the  minimum 
of  expense.* 

*  See  Treatiflo  on  the  Screw  Propeller,  by  John  Bourne,  CXE. 
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PBOPOBTIONS  OF  SCREWS. 

602.  Q. — ^In  fixing  upon  the  proportions  of  a  screw 
proper  to  propel  any  given  vessel,  how  would  you 
proceed  ? 

A. — I  would  first  compute  the  probable  resistance 
of  the  vessel,  and  I  would  be  able  to  find  the  relative 
resistances  of  the  screw  and  hull,  and  in  every  case  it 
is  advisable  to  make  the  screw  as  large  in  diameter  as 
possible.  The  larger  the  screw  is,  the  greater  will  be 
the  efficiency  of  the  engine  in  propelling  the  vessel; 
the  larger  will  be  the  ratio  of  the  pitch  to  the  dia- 
meter, which  produces  a  maximum  effect;  and  the 
smaller  will  be  the  length  of  the  screw  or  the  fraction 
of  a  convolution  to  produce  a  maximum  effect. 

603.  Q. — Will  you  illustrate  this  doctrine  by  a 
practical  example  ? 

A,  —  The  French  screw  steamer  Pelican  was  fitted 
successively  with  two  screws  of  four  blades,  but  the 
diameter  of  the  first  screw  was  98*42  inches,  and  the 
diameter  of  the  second  54  inches.  If  the  efficiency  of 
the  first  screw  be  represented  by  1,  that  of  the  second 
screw  will  be  represented  by  -823,  or,  in  oth^r  words» 
if  the  first  screw  would  give  a  speed  of  10  knots,  the 
second  would  give  little  more  than  8.  The  most 
advantageous  ratio  of  pitch  to  diameter  was  found  to 
be  2*2  in  the  case  of  the  large  screw,  and  1*384  in  the 
case  of  the  small.  The  fraction  of  a  convolution 
which  was  found  to  be  most  advantageous  was  -281 
in  the  case  of  the  large  screw,  and  '450  in  the  case  of 
the  small  screw. 
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604.  Q. — ^Were  screws  of  four  blades  found  to  be 
more  efficient  than  screws  with  two  ? 

A. — ^They  were  found  to  have  less  slip,  but  not  to 
be  more  efficient,  the  increased  slip  in  those  of  two 
blades  being  balanced  hj  the  increased  friction  in 
those  of  four.  Screws  of  two  blades,  to  secure  a  maxi- 
mum efficiency,  must  have  a  finer  pitch  than  screws  of 
four. 

605.  Q. — Are  the  proportions  found  to  be  most 
suitable  in  the  case  of  the  Pelican  applicable  to  the 
screws  of  other  vessels  ? 

A — Only  to  those  which  have  the  same  relative 
resistance  of  screw  and  hull.  Taking  the  relative 
resistance  to  be  the  area  of  immersed  midship  section, 
divided  by  the  square  of  the  screw's  diameter,  it  will 
in  the  case  of  the  Rattler  be  ^f^  ^^  ^'S*  From  the  ex- 
periments made  by  MM.  Bourgois  and  Moll  on  the 
screw  steamer  Pelican,  they  htfve  deduced  the  pro- 
portions of  screws  proper  for  all  other  classes  of  vesselsp 
whether  the  screws  are  of  two,  four,  or  six  blades. 

606.  ^  —  Will  you  specify  the  nature  of  their 
deductions  ? 

A, — ^I  will  first  enumerate  those  which  bear  upon 
screws  with  two  blades.  When  the  relative  resist- 
ance is  5'o  the  ratio  of  pitch  to  diameter  should  be 
1*006,  and  the  fraction  of  the  pitch  or  proportion  of 
one  entire  convolution  should  be  0*454.  When  the 
relative  resistance  is  5,  the  ratio  of  pitch  to  diameter 
should  be  1*069,  and  fraction  of  pitch  0*428  ;  relative 
resistance  4*5,  pitch  1*135,  fraction  0*402;  relative 
resistance  4,  pitch  1*205,  fraction  0*378  ;  relative 
resistance  3*5,  pitch  1*279,  fraction  0*355 ;  relative 
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resistance  3,  pitch  1*357,  fraction  0*334.;  relative  re- 
sistance 2*5,  pitch  1*450,  fraction  0*313 ;  relative  re- 
sistance 2,  pitch  1*560«  fraction  0*294;  relative  resist- 
ance 1*5,  pitch  1*682,  fraction  0*275.  The  relative 
resistance  of  4  is  that  which  is  usual  in  an  auxiliary 
line  of  hattle  ship,  3*5  in  an  auxiliary  frigate,  3  in  a 
high  speed  line  of  battle  ship,  2*5  in  a  high  speed 
frigate,  2  in  a  high  speed  corvette,  and  1*5  in  a  high 
speed  despatch  boat 

607.  Q.  —  What  are  the  corresponding  propor^ons 
of  screws  of  four  blades  ?* 

^.— rThe  ratios  of  the  pitches  to  the  diameter  being 
for  each  of  the  relative  resistances  enumerated  above, 
1*342,  1*425,  1*513,  1*607,  1*705,  1*810,  1*933,  2*080, 
and  2*243,  the  respective  fractions  of  pitch  or  frac- 
tions of  a  whole  convolution  will  be  0*455,  0*428, 
0*402,  0*378,  0*355,  0*334,  0*313,  0*294,  and  0*275. 

608.  Q. — And  what  are  the  corresponding  proper^ 
tions  proper  for  screws  of  six  blades? 

A.  —  Beginning  with  the  relative  resistance  of  5*5 
as  before,  the  proper  ratio  of  pitch  to  diameter  for 
that  and  each  of  the  successive  resistances  in  the  case 
of  screws  with  six  blades,  will  be  1*677,  1*771,  .1*891, 
1*2009,  2*131,  2-262,  2*416,  2*600,  2*804 ;  and  the  re- 
spective  fractions  of  pitch  will  be  0*794,  0*749,  0-703^ 
0*661,  0  621,  0*585,  0*548,  0*515,  and  0*481.  These 
are  the  proportions  which  will  give  a  maximum  per- 
formance in  every  case.* 

*  la  my  Treatise  on  the  Screw  Propeller  I  hare  gone  into 
these  varions  qnestions  more  fnlly  than  wonld  consort  with  tlia 
limits  of  tbiF  pablicotion. 
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609.  Q, — Do  yon  consider  that  the  screw  propeller 
is  best  adapted  for  vessels  with  full  power,  or  for 
vessels  with  auxiliary  power? 

^.— -It  is,  in  mj  opinion,  best  adapted  for  vessels 
with  auziliarj  power^  and  it  is  a  worse  propeller  than 
paddle  wheels  for  vessels  which  have  habitually  to 
encounter  strong  head  winds.  Screw  vessels  are  but 
ill  calculated — at  least  as  constructed  heretofore — to 
encounter  head  winds,  and  the  legitimate  sphere  of  the  . 
screw  is  in  propelling  vessels  with  auxiliary  power. 

610.  Q.  —  Does  the  screw  act  well  in  conjunction 
with  sails  ? 

A. —  I  cannot  say  it  acts  better  than  paddles,  ex- 
cept in  so  far  as  it  is  less  in  the  way  and  is  less  affected 
by  the  listing  or  heeling  over  of  the  ship.  A  small 
steam  power,  however,  acts  very  advantageously  in 
aid  of  sails,  for  not  only  does  the  operation  of  the  sails 
in  reducing  the  resistance  of  the  hull  virtually  increase 
the  screw's  diameter,  but  the  screw,  by  reducing  the 
resistance  which  has  to  be  overcome  by  the  sails  and 
by  increasing  the  speed  of  the  vessel,  enables  the  sails 
to  act  with  greater  efficiency,  as  the  wind  will  not 
rebound  from  them  with  as  great  a  velocity  as  it 
would  otherwise  do,  and  a  larger  proportion  of  the 
power  of  the  wind  will  also  be  used  up.  In  the  case 
of  beam  winds,  moreover,  the  action  of  the  screw,  by 
the  larger  advance  it  gives  to  the  vessel,  will  enable 
the  sails  to  intercept  a  larger  column  of  wind  in  a 
given  time.    It  appears,  therefore,  that  the  sails  add 
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to  the  efficiency  of  the  screw,  and  that  the  screw  also 
adds  to  the  efficiency  of  the  sails. 

611.  Q. —  What  is  the  comparative  cost  of  trans- 
porting mercliandise  in  paddle  steamers  of  full  power, 
in  screw  steamers  of  auxiliary  power,  and  in  sailing 
ships  ? 

A.  —  That  will  depend  very  much  upon  the  locality 
where  the  comparison  is  made.  In  the  case  of  vessels 
performing  distant  ocean  voyages,  in  which  they  may 
reckon  upon  the  aid  of  uniform  and  constant  winds, 
such  as  the  trade  winds  or  the  monsoon,  sailing  ships 
of  large  size  will  he  ahle  to  carry  more  cheaply  than 
any  other  species  of  vesseL  But  where  the  winds  are 
irregular  and  there  is  not  much  sea  room,  or  for  such 
circumstances  as  exist  in  the  Channel  or  Mediter- 
ranean trades,  screw  vessels  with  auxiliary  power  will 
constitute  the  cheapest  instrument  of  conveyance. 

612.  Q.  — Are  there  any  facts  recorded  illustrative 
of  the  accuracy  of  this  conclusion  ? 

A, —  A  full  paddle  vessel  of  1000  tons  hurden  and 
860  horses  power,  will  carry  about  400  tons  of  cai^o, 
besides  coal  for  a  voyage  of  600  miles,  and  the  expense 
of  such  a  voyage,  including  wear  and  tear,  deprecia- 
tion, &c.,  will  be  about  190/.  The  duration  of  the 
voyage  will  be  about  46  j^  hours.  A  screw  vessel  of 
400  tons  burden  and  100  horses  power,  will  carry  the 
same  amount  of  cargo,  besides  her  coals,  on  the  same 
voyage,  and  the  expense  of  the  voyage,  including  wear 
and  tear,  depreciation,  &c.,  will  be  not  much  more 
than  60/.  An  auxiliary  screw  vessel,  therefore,  can 
carry  merchandise  at  one-third  of  the  cost  of  a  full- 
powered  paddle  vessel.    By  similar  comparisons  made 
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between  the  expense  of  conveying  merchandise  in 
auxiliary  screw  steamers  and  sailing  ships  on  coasting 
voyages,  it  appears  that  the  cost  in  the  screw  steamers 
is  about  one-third  less  than  in  the  sailing  ships ;  the 
greater  expedition  of  the  screw  steamers  much  more 
than  compensating  for  the  expense  which  the  main- 
tenance of  the  machinery  inTolvea* 


SCREW  AND  PADDLES  COMBINED. 

613.  Q,  —  Would  not  a  screw  combined  with  pad- 
dles act  in  a  similarly  advantageous  way  as  a  screw  or 
paddles  when  aided  by  the  wind  ? 

A.  Jf  in  any  given  paddle  vessel  a  supplementary 
screw  be  added  to  increase  her  power  and  speed,  the 
screw  will  act  in  a  more  beneficial  manner  than  if  it 
had  the  whole  vessel  to  propel  itself,  and  for  a  like 
reason  the  paddles  will  act  in  a  more  beneficial 
manner.  There  will  be  less  slip  both  upon  the  pad- 
dles and  upon  the  screw  than  if  either  had  been 
employed  alone;  but  the  same  object  would  be  attained 
by  giving  the  vessel  larger  paddles  or  a  larger  screw. 

614.  Q.  —  Have  any  vessels  been  constructed  with 
combined  screw  and  paddles  ? 

A. — Not  any  that  I  know  of,  except  the  great  vessel 
built  under  the  direction  of  Mr.  Brunei.  The  Bee 
many  years  since  was  fitted  with  both  screw  and 
paddles,  but  this  was  for  the  purpose  of  ascertaining 
the  relative  efficiency  of  the  two  modes  of  propulsion, 
and  not  for  the  purpose  of  using  both  together. 

615.  Q.  —  What  would  be  the  best  means  of  ac« 


408   BENEFITS  OF  AGCELERATIKa  PADDLE  TE88BLS 

celerating  the  speed  of  a  paddle  vessel  by  the  intro- 
duction of  a  supplementary  screw  ? 

A.  —  If  the  ressel  requires  new  boilers,  the  best 
course  of  procedure  would  be  to  work  a  single  engine 
giving  motion  to  the  screw  with  high  pressure  steam, 
and  to  let  the  waste  steam  from  the  high  pressare 
engine  work  the  paddle  engines.  In  this  way  the 
power  might  be  doubled  without  any  increased  ex* 
penditure  of  fuel  per  hour,  and  there  would  be  a 
diminished  expenditure  per  voyage  in  the  proportion 
of  the  increased  speed. 

616.  Q.  —  What  would  the  increased  speed  be  by 
doubling  the  power  ? 

A,  —  The  increase  would  be  in  the  piroportion  of 
the  cube  root  of  1  to  the  cube  root  of  2,  or  it  would 
be  1*26  times  greater.  If,  therefore,  the  existing 
speed  were  10  miles,  it  would  be  increased  to  12^ 
miles  by  doubling  the  power,  and  the  vessel  would  ply 
with  about  a  fourth  less  coals  by  increasing  the  power 
in  the  manner  suggested. 

617.  Q. — Is  not  high  pressure  steam  dangerous  in 
steam  vessels  ? 

A»  —  Not  necessarily  so^  and  it  has  now  been  intro- 
duced into  a  good  number  of  steam  vessels  with 
satisfactory  results.  In  the  case  of  locomotive  en- 
gines, where  it  is  used  so  widely,  very  few  accidents 
have  occurred;  and  in  steam  vessels  the  only  ad- 
ditional source  of  danger  is  the  salting  of  the  boiler. 
This  may  be  prevented  either  by  the  use  of  fresh 
water  in  the  boiler,  or  by  practising  a  larger  amount 
of  blowing  off,  to  insure  which  it  should  be  impossible 
to  diminish  the  amount  of  water  sent  into  the  boiler 
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bj  the  feed  pump,  and  the  excess  should  be  discharged 
overboard  through  a  valye  near  the  water  level  of  the 
boiler,  which  valve  is  governed  by  a  float  that  will 
rise  or  fall  with  the  fluctuating  level  of  the  water.     If 
the  float  be  a  copper  ball,  a  little  water  should  be 
introduced  into  it  before  it  is  soldered  or  brazed  up, 
which  will  ensure  an  equality  of  pressure  within  and 
without  the  ball,  and  a  leakage  of  water  into  it  will 
then   be  less  likely  to  take  place.    A  stone  float, 
however,  is  cheaper,  and  if  properly  balanced  will  be 
equally  effective.    All  steam  vessels  should  have  a 
large  excess  of  boiling  feed  water  constantly  flowing 
into  the  boiler,  and  a  large  quantity  of  water  con- 
stantly blowing  off  through  the  surface  valves,  which 
being  governed  by  floats  will  open  and  let  the  super, 
fluous  water  escape  whenever  the  water  level  rises  too 
high.    In  this  way  the  boiler  will  be  kept  from  salt- 
ing, and  priming  will  be  much  less  likely  to  occur. 
The  great  problem  of  steam  navigation  is  the  economy 
of  fuel,  since  the  quantity  of  fuel  consumed  by  a 
vessel  will  very  much  determine  whether  she  is  pro- 
fitable or  otherwise.    Notwithstanding  the  momentous 
nature  of  this  condition,  however,  the  consumption  of 
fuel  in  steam  vessels  is  a  point  to  which  very  little 
attention  has  been  paid,  and  no  efficient  means  have 
yet  been  adopted  in  steam  vessels  to  insure    that 
measure  of  economy  which  is  known  to  be  attainable, 
and  which  has  been  attained  already  in  other  depart- 
ments of  engineering  in  which  the  benefits  of  such 
economy  are  of  less  weighty  import.   It  needs  nothing 
more  than  the  establishment  of  an  efficient  system  of 
registration  in  steam  vesselS|  to  insure  a  large  and 
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rapid  economy  in  the  consumption  of  fuel,  as  this 
quality  would  then  become  the  test  of  an  engineer's 
proficiency,  and  would  determine  the  measure  of  his 
fame.  In  the  case  of  the  Cornish  engines,  a  saving  of 
more  than  half  the  fuel  was  speedily  effected  by  the 
introduction  of  the  simple  expedient  of  registration. 
In  agricultural  engines  a  like  economy  has  speedily 
followed  from  a  like  arrangement ;  yet  in  both  of  these 
cases  the  benefits  of  a  large  saving  are  less  eminent 
than  they  would  be  in  the  case  of  steam  navigation ; 
and  it  is  to  be  hoped  that  this  expedient  of  improve- 
ment will  now  be  speedily  adopted. 
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CHAP.  X. 

EXAMPLES  OF   ENQINES. 


OSCILLATING  PADDLE  ENGINES. 

618.   Q. — ^Will  jou  describe  the  structure  of  an  oscil- 
lating engine  as  made  by  Messrs.  Penn  ? 

A.  —  To  do  this  it  will  be  expedient  to  take  an 
engine  of  a  given  power,  and  then  the  sizes  may  be 
given  as  well  as  an  account  of  the  configuration  of 
the  parts:  we  may  take  for  an  example  a  pair  of 
engines  of  21^  inches  diameter  of  cylinder,  and  22 
inches  stroke,  rated  by  Messrs.  Penn  at  12  horses 
power  each.  The  cylinders  of  this  oscillating  engine 
are  placed  beneath  the  cranks,  and,  as  in  all  Messrs. 
Penn's  smaller  engines,  the  piston  rod  is  connected  to 
the  crank  pin  by  means  of  a  brass  cap,  provided  with 
a  socket,  by  means  of  which  it  is  cuttered  to  the 
piston  rod.  There  is  but  one  air  pump,  which  is 
situated  within  the  condenser  between  tlie  cylinders, 
and  it  is  wrought  by  means  of  a  crank  in  the  inter- 
mediate shaft  —  this  crank  being  cut  out  of  a  solid 
piece  of  metal  as  in  the  formation  of  the  cranked 
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axles  of  locomotive  engines.  The  steam  enters  die 
cylinder  through  the  outer  trunnions,  or  the  trunnions 
adjacent  to  the  ship's  sidesy  and  enters  the  condenser 
through  the  two  midship  trunnions  —  a  short  three 
ported  valve  being  placed  on  the  front  of  .the  cylinder 
to  regulate  the  flow  of  steam  to  and  from  the  cylinder 
in  the  proper  manner.  The  weight  of  this  valve  on 
one  side  of  the  cylinder  is  balanced  by  a  weight  hung 
upon  the  other  side  of  the  cylinder ;  but  in  the  most 
recent  engines  this  weight  is  discarded,  and  two 
valves  are  used,  which  balance  one  another.  The 
framing  consists  of  an  upper  and  lower  frame  of  cast 
iron,  bound  together  by  eight  malleable  iron  columns: 
upon  the  lower  frame  the  pillow  blocks  rest  which 
carry  the  cylinder  trunnions,  and  the  condenser  and 
the  bottom  frame  are  cast  in  the  same  piece.  The 
upper  frame  supports  the  paddle  shaft  pillow  blocks ; 
and  pieces  are  bolted  on  in  continuation  of  the  upper 
frame  to  carry  the  paddle  wheels,  which  are  overhung 
from  the  journal. 

619.  Q.  —  What  are  the  dimensions  and  arrange- 
ment of  the  framing  ? 

A.  —  The  web,  or  base  plate,  of  the  lower  frame  is 
f  of  an  inch  thick,  and  a  cooming  is  carried  all  round 
the  cylinder,  leaving  an  opening  of  sufficient  size  to 
permit  the  necessary  oscillation.  The  cross  section  of 
the  upper  frame  is  that  of  a  hollow  beam  6  inches 
deep,  and  about  3^  inches  wide,  with  holes  at  the 
sides  to  take  out  the  core  ;  and  the  thickness  of  the 
metal  is  ^ths  of  an  inch.  Both  the  upper  and  the 
lower  frame  is  cast  in  a  single  piece,  with  the  excep- 
tion of  the  continuations  of  the  upper  frame,  which 
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support  the  paddle  wheels.  An  oval  ring  3  inches 
wide  is  formed  in  the  upper  frame,  of  sufficient  size  to 
permit  the  working  of  the  air  pump  crank  ;  and  from 
this  ring  feathers  run  to  the  ends  of  the  cross  portions 
of  the  frame  which  support  the  intermediate  shaft 
journals.  The  columns  are  1^  inch  in  diameter; 
thej  are  provided  with  collars  at  the  lower  ends, 
which  rest  upon  bosses  in  the  lower  frame,  and  with 
collars  at  the  upper  ends  for  supporting  the  upper 
frame;  but  the  upper  collars  of  two  of  the  corner 
columns  are  screwed  on,  so  as  to  enable  the  columns 
to  be  drawn  up  when  it  is  required  to  get  the  cylinders 
out.  The  cross  section  of  the  bottom  frame  is  also  of 
the  form  of  a  hollow  beam,  7  inches  deep,  except  in 
the  region  of  the  condenser,  where  it  is,  of  course,  of 
a  different  form.  The  depth  of  the  boss  for  the  re- 
ception of  the  columns  is  a  little  more  than  7  inches 
deep  on  the  lower  frame,  and  a  little  more  than  6 
inches  deep  on  the  upper  frame ;  and  the  holes  through 
them  are  so  cored  out,  that  the  columns  only  bear  at 
the  upper  and  lower  edges  of  the  hole,  instead  of  all 
through  it  —  a  formation  by  which  the  fitting  of  the 
columns  is  facilitated. 

620.  Q. — What  are  the  dimensions  of  the  con* 
denser? 

A.  —  The  condenser,  which  is  cast  upon  the  lower 
frame,  consists  of  an  oval  vessel  22^  inches  wide,  by 
2  feet  4^  inches  long,  and  1  foot  \0\  inches  deep ;  it 
stands  9  inches  above  the  upper  face  of  the  bottom 
frame,  the  rest  projecting  beneath  it ;  and  it  is  en* 
larged  at  the  aides  by  being  carried  beneath  the 
trunnions. 
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621.  Q. — What  are  the  dimensions  of  the  air 
pump? 

A» — The  air  pump,  which  is  set  in  the  centre  of 
the  condenser,  is  \S\  inches  in  diameter,  and  has  a 
stroke  of  1 1  inches.  The  foot  valve  is  situated  in  the 
bottom  of  the  air  pump,  and  its  seat  consists  of  a  disc 
^f  brass,  in  which  there  is  a  rectangular  flap  valve, 
opening  upwards,  but  rounded  on  one  side  to  the  circle 
of  the  pump,  and  so  balanced  as  to  enable  the  valve 
to  open  with  facility.  The  balance  weighty  which  is 
formed  of  brass  cast  in  the  same  piece  as  the  valve 
itself,  operates  as  a  stop,  by  coming  into  contact  with 
the  disc  which  constitutes  the  bottom  of  the  pump ; 
the  disc  being  recessed  opposite  to  the  stop  to  enable 
the  valve  to  open  sufficiently.  This  disc  is  bolted  to 
the  barrel  of  the  pump  by  means  of  an  internal  flange^ 
and  before  it  can  be  removed  the  pump  must  be  lifted 
out  of  its  place.  The  air  pump  barrel  is  of  brasiSy  to 
which  is  bolted  a  cast  iron  mouth  piece,  with  a  port 
for  carrying  the  water  to  the  hot  well ;  and  within 
the  hot  well  the  delivery  valve,  which  consists  of  a 
common  flap  valve,  is  situated.  The  mouth  piece  and 
the  air  pump  barrel  are  made  tight  to  the  condenser, 
and  to  one  another,  by  means  of  metallic  joints  care- 
fully scraped  to  a  true  surface,  so  that  a  little  white 
or  red  lead  interposed  makes  an  air  tight  joint  The 
air  pump  bucket  is  of  brass,  and  the  valve  of  the 
bucket  is  of  the  common  pot  lid  or  spindle  kind.  The 
injection  water  enters  through  a  single  cock  in  front 
of  the  condenser  —  the  jet  striking  against  the  barrel 
of  the  air  pump.  The  air  pump  rod  is  maintained  in 
its  vertical  position  by  means  of  guides,  the  lower 
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ends  of  which  are  bolted  to  the  mouth  of  the  pump, 
and  the  upper  to  the  oval  in  the  top  frame,  within 
which  the  air  pump  crank  works ;  and  the  motion  is 
communicated  from  this  crank  to  the  pnmp  rod  by 
means  of  a  short  connecting  rod.  The  lower  frame  is 
not  set  immediately  below  the  top  frame,  but  2^ 
inches  behind  it,  and  the  air.  pump  and  condenser  are 
2^  inches  nearer  one  edge  of  the  lower  frame  than 
the  other. 

622.  Q. — What  are  the  dimensions  of  the  cylinder? 

A*  —  The  thickness  of  the  metal  of  the  cylinder  is 
^ths  of  an  inch ;  the  depth  of  the  belt  of  the  cylinder 
is  9^  inches,  and  its  greatest  projection  from  the  cy- 
linder is  2\  inches.  The  distance  from  the  lower  edge 
of  the  belt  to  the  bottom  of  the  cylinder  is  \\\  inches, 
and  from  the  upper  edge  of  the  belt  to  the  top  flange 
of  the  cylinder  is  9  inches.  The  trunnions  are  *J\ 
inches  diameter  in  the  bearings^  and  dj-  inches  in 
width ;  and  the  flanges  to  which  the  glands  are  at- 
tached for  screwing  in  the  trunnion  packings  are  \\ 
inch  thick,  and  have  -(ths  of  an  inch  of  projection. 
The  width  of  the  packing  space  round  the  trunnions 
is  f ths  of  an  inch,  and  the  diameter  of  the  pipe  pass- 
ing through  the  trunnions  4|ths,  which  leaTe3  4i^^^ 
for  the  thickness  of  the  metal  of  the  bearing.  Abote 
and  below  each  trunnion  a  feather  runs  from  the 
edge  of  the  belt  or  bracket  between  3  and  4  inches 
along  the  cylinder,  for  the  sake  of  additional  support ; 
and  in  large  engines  the  feather  is  continued  through 
the  interior  of  the  belt,  and  cruciform  feathers  are 
added  for  the  sake  of  greater  stiffness.  The  projection 
of  the  outer  face  of  the  trunnion  flange  from  the  side 
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of  the  cjlinder  is  6^  inches;  the  thickness  of  the 
flange  round  the  mouth  of  the  cylinder  is  f  of  an 
inch,  and  its  projection  If  inch  ;  the  height  of  the 
cylinder  stuffing  hox  ahove  the  cylinder  cover  is  4^ 
inches,  and  its  external  diameter  4f  inches  —  the 
diameter  of  the  piston  rod  being  2^  inches*  The 
thickness  of  the  stuffing  box  flange  is  1^  inch. 

623.  Q.  —  Will  you  describe  the  nature  of  the 
communication  between  the  cylinder  and  condenser  ? 

A.  —  The  pipe  leading  to  the  condenser  from  the 
cylinder  is  made  somewhat  bell  mouthed  where  it 
joins  the  condenser,  and  the  gland  for  compressing 
the  packing  is  made  of  a  larger  internal  diameter  in 
every  part  except  at  the  point  at  which  the  pipe 
emerges  from  it,  where  it  accurately  fits  the  pipe  so 
as  to  enable  the  gland  to  squeeze  die  packing.  By 
this  construction  the  gland  may  be  drawn  back  with- 
out being  jammed  upon  the  enlarged  part  of  the  pipe; 
and  the  enlargement  of  the  pipe  towards  the  condenser 
prevents  the  air  pump  barrel  from  oflering  any  im- 
pediment to  the  free  egress  of  the  steam.  The  gland 
is  made  altogether  in  four  pieces:  the  ring  which 
presses  the  packing  is  made  distinct  from  the  flange 
to  which  the  bolts  are  attached  which  force  the  gland 
against  the  packing,  and  both  ring  and  flange  are 
made  in  two  pieces,  to  enable  them  to  be  got  over  the 
pipe.  The  ring  is  half  checked  in  the  direction  of  its 
depth,  and  is  introduced  without  any  other  support  to 
keep  the  halves  together,  than  what  is  afibrded  by  the 
interior  of  the  stuffing  box;  and  the  flange  is  half 
checked  in  the  direction  of  its  thickness,  so  that  the 
bolts  which  press  down  the  ring  by  passing  through 
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this  ha]f*checked  part,  also  keep  the  segments  of  the 
flaoge  together.  The  bottom  of  the  trunnion  packing 
space  is  contracted  to  the  diameter  of  the  eduction 
pipe,  so  as  to  prevent  the  packing  from  being  squeezed 
into  the  jacket;  but  the  eduction  pipe  does  not  fit 
quite  tight  into  this  contracted  part,  but,  while  in 
close  contact  on  the  lower  side,  has  about  ^nd  of  an 
inch  of  space  between  the  top  of  the  pipe  and  the 
cjlinder,  so  as  to  permit  the  trunnions  to  wear  to  that 
extent  without  throwing  a  strain  upon  the  pipe.  The 
eduction  pipe  is  attached  to  the  condenser  bj  a  flange 
joint,  and  the  bolt  holes  are  all  made  somewhat  ob- 
long in  the  perpendicular  direction,  so  as  to  permit 
the  pipe  to  be  slightly  lowered,  should  such  an  opera- 
tion be  rendered  necessary  by  the  wear  of  the  trunnion 
bearings ;  but  in  practice  the  wear  of  the  trunnion 
bearings  is  found  to  be  so  small,  as  to  be  almost  inap- 
preciable. 

624.  — Q.  Will  you  describe  the  valve  and  valve 
casing  ? 

A, — The  length  of  the  valve  casing  is  16^  inches, 
and  its  projection  from  the  cylinder  is  3^  inches  at 
the  top,  4|^  inches  at  the  centre,  and  2^  inches  at  the 
bottom,  so  that  the  back  of  the  valve  casing  is  not 
made  fiat,  but  is  formed  in  a  curve.  The  width  of 
the  valve  casing  is  9  inches,  but  there  is  a  portion  of 
the  depth  of  the  belt  1^  inch  wider,  to  permit  the 
steam  to  enter  from  the  belt  into  the  casing.  The 
valve  casing  is  attached  to  the  cylinder  by  a  metallic 
joint ;  the  width  of  the  fiange  of  this  joint  is  1^  inch, 
the  thickness  of  the  fiange  on  the  casing  ^  inch,  and 
the  thickness  of  the  fiange  on  the  cylinder  f  ths  of  an 
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inch.  The  projection  from  the  cylinder  of  the  passage 
for  carrying  the  steam  upwards  and  downwards,  from 
the  valve  to  the  top  and  bottom  of  the  cylinder,  u  2^ 
inches,  and  its  width  externally  8f  inches.  The 
valve  is  of  the  ordinary  three  ported  description,  and 
both  cylinder  and  valve  faces  are  of  cast  iron. 

625.  Q, — ^What  description  of  piston  is  used? 
^.— The  piston  is  packed  with  hemp,  but  the  jonk 

ring  is  made  of  malleable  iron,  as  cast  iron  junk  ringa 
have  been  found  liable  to  break :  there  are  four  plugs 
screwed  into  the  cylinder  cover,  which,  when  removed, 
permit  a  box  key  to  be  introduced,  to  screw  down  the 
piston  peeking.  The  screws  in  the  junk  ring  are 
each  provided  with  a  small  ratchet,  cut  in  a  washer 
fixed  upon  the  head,  to  prevent  the  screw  from 
turning  back;  and  the  number  of  clicks  given  hr 
these  ratchets,  in  tightening  up  the  bolts,  enables  the 
engineer  to  know  when  they  have  all  been  tightened 
equally.  In  more  recent  engines,  and  especially  in 
those  of  large  size,  Messrs.  Penn  employ  for  the  piston 
packing  a  single  metallic  ring  with  tongue  piece  and 
indented  plate  behind  the  joint ;  and  this  ring  is 
packed  behind  with  hemp  squeezed  by  the  junk  ring 
as  in  ordinary  hemp-packed  pistons. 

626.  Q. —  Will  you  describe  the  construction  of 
the  cap  for  connecting  the  piston  rod  with  the  crank 
pin? 

A» — The  cap  for  attaching  the  piston  rod  to  the 
crank  pin,  which  is  exhibited  in  perspective  in^^.  51^ 
is  formed  altogether  of  brass,  which  brass  serves  to 
form  the  bearing  of  the  crank  pin.  The  external 
diameter  of  the  socket  by  which  this  cap  is  attached 
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to  the  piston  rod  is  3^^^  inches.  The  diameter  of  the 
crank  pin  is  8  inches,  and  the  length  of  the  crank 
pin  bearing  3^  inches.  The  thick- 
ness of  the  brass  around  the  crank 
pin  bearing  is  1  inch,  and  the 
upper  portion  of  the  brass  is  se- 
cured to  the  lower  portion  by 
means  of  lugs,  which  are  of  such 
a  depth  that  the  perpendicular 
section  through  the  centre  of  the 
bearing  has  a  square  outline  mea- 
suring 7  inches  in  the  horizontal 
direction,  3|  inches  from  the 
centre  of  the  pin  to  the  level  of 
the  top  of  the  lugs,  and  2^  inches 
from  the  centre  of  the  pin  to 
the  IcTcl  of  the  bottom  of  the 
lugs.  The  width  of  the  lugs  is 
2  inches,  and  the  bolts  passing 
through  them  are  1^  inch  in 
diameter.  The  bolts  are  tapped  into  the  lower  portion 
of  the  cap,  and  are  fitted  very  accurately  by  scraping 
where  they  pass  through  the  upper  portion,  so  as  to 
act  as  steady  pins  in  preventing  the  cover  of  the 
crank  pin  bearing  from  being  worked  sideways  by  the 
alternate  thrust  on  each  side.  The  distance  between 
the  centres  of  the  bolts  is  5  inches,  and  in  the  centre 
of  the  cover,  where  the  lugs,  continued  in  the  form  of 
a  web,  meet  one  another,  an  oil  cup  If  inch  in  dia- 
meter, 1  j-  inch  high,  and  provided  with  an  internal 
pipe,  is  cast  upon  the  cover,  to  contain  oil  for  the 
lubrication  of  the  crank  pin  bearing.     The  deoth  of 
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the  cutter  for  attaching  the  cap  to  the  piston  rod  is  I4 
inch  and  its  thickness  is  f  ths  of  an  inch. 

627.  Q. — Will  70a  describe  the  means  by  which 
the  air  pump  rod  is  connected  with  the  crank  which 
works  the  air  pump  ? 

A, — A  similar  cap  to  that  of  the  piston  rod  attaches 

Fig.  52. 
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the  air  pump  crank  to  the  connecting  rod  bj  which 
the  air  pump  rod  is  mored,  but  in  this  instance  the 
diameter  of  the  bearing  is  5  inches,  and  the  length  of 
the  bearing  is  about  3  inches.  The  air  pump  connect- 
ing rod  and  cross  head  are  shown  in  perspective  in 
fig,  62»  The  thickness  of  the  brass  encircling  the 
bearing  of  the  shaft  is  three-fourths  of  an  inch  upon 
the  edge,  and  1|  inch  in  the  centre,  the  back  being 
slightly  rounded ;  the  width  of  the  lugs  is  If  inch, 
and  the  depth  of  the  lugs  is  2  inches  upon  the  upper 
brass,  and  2  inches  upon  the  lower  brass,  making  a 
total  depth  of  4  inches.  The  diameter  of  the  bolts 
passing  through  the  lugs  is  1  inch,  and  the  bolts  are 
tapped  into  the  lower  brass,  and  accurately  fitted  into 
the  upper  one,  so  as  to  act  as  steady  pins,  as  in  the 
previous  instance.  The  lower  eye  of  the  connecting 
rod  is  forked,  so  as  to  admit  the  eye  of  the  air  pump 
rod  ;  and  the  pin  which  connecta  the  two  together  is 
prolonged  into  a  cross  head,  as  shown  in^;^.  52»  The 
ends  of  this  cross  head  move  in  guides.  The  forked 
end  of  the  connecting  rod  is  fixed  upon  the  cross 
head  by  means  of  a  feather,  so  that  the  cross  head 
partakes  of  the  motion  of  the  connecting  rod,  and 
a  cap,  similar  to  that  attached  to  the  piston  rod, 
is  attached  to  the  air  pump  rod,  for  connecting  it 
with  the  cross  head :  this  cap  is  shown  in  ^,  53. 
The  diameter  of  the  air  pump  rod  is  1|-  inch,  the 
external  diameter  of  the  socket  encircling  the  rod 
is  2^  inches,  and  the  depth  of  the  socket  4^  inches 
from  the  centre  of  the  cross  head.  The  depth  of  the 
cutter  for  attaching  the  socket  to  the  rod  is  1  inch, 
and  its  thickness  ^  inch.     The  breadth  of  the  lugs  is 
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^  „  If  inch,  the  depth  1^  inch,  making  a 

total  depth  of  2^  inches ;  and  the  dia- 
meter of  the  bolts  seven-eighths  of  an 
inch.  The  diameter  of  the  cross  head 
at  the  centre  is  2  inches,  the  thickness 
of  each  jaw  around  the  bearing  1  inch, 
and  the  breadth  of  each  ^  inch. 

628.   Q. — What  are  the  dimensions 
of  the  crank  shaft  and  cranks  ? 

A. — The  diameter  of  the  interme- 
diate shaft  journal  is  4-,^  inches,  and  of 
Cap  op  Air  Pomp  *^®  paddle  shaft  journal  4f  inches ;  the 
Rod.  Meatri.  Penn.  length  of  the  joumal  in  each  case  is 
5  inches.  The  diameter  of  the  large  eye  of  the  crank 
is  7  inches,  and  the  diameter  of  the  hole  through  it  is 
4^  inches ;  the  diameter  of  the  small  eye  of  the  crank  is 
5^  inches,  the  diameter  of  the  hole  through  it  being  3 
inches.  The  depth  of  the  large  eye  is  4^  inches,  and  of 
the  small  eye  3|  inches ;  the  breadth  of  the  web  is  4 
inches  at  the  shaft  end,  and  3  inches  at  the  pin  end,  and 
the  thickness  of  the  web  is  2|  inches.  The  width  of  the 
notch  forming  the  crank  in  the  intermediate  shaft  for 
working  the  air  pump  is  3j^  inches,  and  the  width  of 
each  of  the  arms  of  this  crank  is  3f|  inches.  Both 
the  outer  and  inner  corners  of  the  crank  are  chamfered 
away,  until  the  square  part  of  the  crank  meets  the 
round  of  the  shaft.  The  method  of  securing  the 
crank  pins  into  the  crank  eyes  of  the  intermediate 
shaft  consists  in  the  application  of  a  nut  to  the  end  of 
each  pin,  where  it  passes  through  the  eye,  the  project- 
ing end  of  the  pin  being  formed  with  a  thread  upon 
which  the  nut  is  screwed. 


OONBTRUOTIOK  OF  THB  ECCENTRIC. 


423 


Hg,M, 


EccBNTKic  AKD  Ruo.    Meitri.  Penn. 


629.  Q.— Will  you 
describe  the  eccentric 
and  eccentric  rod  ? 

A. — ^The  eccentric 
and  eccentric  rod  are 
shown  in  fig.  54, 
The  eccentric  is  put 
on  the  crank  shaft  in 
two  halves,  joined  in 
the  diameter  of  larg- 
est eccentricity  by 
means  of  a  single 
bolt  passing  through 
lugs  on  the  central 
eye,  and  the  back 
balance  is  made  in 
a  separate  piece  five- 
eighths  of  an  inch 
thick,  and  is  attached 
by  means  of  two 
bolts,  which  also  help 
to  bind  the  halves  of 
the  eccentric  toge- 
ther. The  eccentric 
strap  is  half  an  inch 
thick,  and  1^  inch 
broad,  and  the  flanges 
of  the  eccentric, 
within  which  the 
strap  works,  are  each 
three-eighths  of  an 
inch  thick.     The  ec- 
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centric  rod  is  attached  to  the  eccentric  hoop  bj 
means  of  two  bolts  passing  through  lags  upon  the 
rod,  and  tapped  into  a  square  boss  upon  the  hoop ;  and 
pieces  of  iron,  of  a  greater  or  less  thickness,  are 
interposed  between  the  surfaces  in  setting  the  valye, 
to  make  the  eccentric  rod  of  the  right  length.  The 
eccentric  rod  is  kept  in  gear  bj  the  push  of  a  small 
horizontal  rod,  attached  to  a  vertical  blade  spring, 
and  it  is  thrown  out  of  gear  bj  means  of  the  ordinary 
disengaging  apparatus,  which  acts  in  opposition  to 
the  spring,  as,  in  cases  where  the  eccentric  rod  is 
not  vertical,  it  acts  in  opposition  to  the  gravity  of  the 
rod. 

630.  Q. — Will  you  explain  in  detail  the  con8tro^ 
tion  of  the  valve  gearing,  or  such  parts  of  it  as  are 
peculiar  to  the  oscillating  engine  ? 

A. — The  eccentric  rod  is  attached  by  a  pin,  1  inch 
in  diameter,  to  an  open  curved  link  or  sector  with  a 
tail  projecting  upwards  and  passing  through  an  eye 
to  guide  the  link  in  a  vertical  motion.  This  sector,  to- 
gether with  the  valve  lever,  shaft,  and  finger  for  moving 
the  valve,  are  represented  in  fig,  55.  The  link  is 
formed  of  iron  case  hardened,  and  is  2^  inches  deep  at 
the  middle,  and  2|-  inches  deep  at  the  ends,  and  1  inch 
broad.  The  opening  in  the  link,  which  extends 
nearlj  its  entire  length,  is  1-^  inch  broad ;  and  into 
this  opening  a  brass  block  2  inches  long  is  trulj  fitted, 
there  being  a  hole  through  the  block  f  inch  diameter, 
for  the  reception  of  the  pin  of  the  valve  shaft  lever. 
The  valve  shaft  is  1^  inch  diameter  at  the  end  next 
the  link  or  segment^  and  diminishes  regularlj  to  the 
other  end,  bnt  its  cross  section  assumes  the  form  of 


SECTOR  FOB  MOYINQ  SLIDE   VALVE. 


42o 


an  octagon  in  its  passage  round  the  cylinder,  measur- 
ing mid-way  1^  inch  deep,  by  about  f  inch  thick,  and 
the  greatest  depth  of  the  finger  for  moving  the  valve 
is  about  1  inch.  The  depth  of  the  lever  for  moving 
the  valve  shaft  is  2  inches  at  the  broad,  and  1^  inch 


Fig.»' 
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at   the  narrow   end.    The  internal   breadth   of  the 
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mortice  in  which  the  valve  finger  moves  is  ^  inch, 
and  its  external  depth  is  If  inch,  which  leaves  three^ 
eighths  of  an  inch  as  the  thickness  of  metal  ronnd  the 
hole ;  and  the  breadth,  measnring  in  the  direction  of 
the  hole,  is  l^  inch.  The  valve  rod  is  three-fourths 
of  an  inch  in  diameter,  and  the  mortice  is  connected 
to  the  valve  rod  by  a  socket  1  inch  long,  and  1^  inch 
diameter,  throngh  which  a  small  cutter  passes.  A 
continuation  of  the  rod,  eleven-sixteenths  of  an  inch 
diameter,  passes  tipward  from  the  mortice,  and  works 
through  an  eje,  which  serves  the  purpose  of  a  guide. 
In  addition  to  the  guide  afforded  to  the  segment  bj  the 
ascending  tail,  it  is  guided  at  the  ends  upon  the 
columns  of  the  framing  by  means  of  thin  semi-circular 
brasses,  4  inches  deep,  passing  round  the  columns,  and 
attached  to  the  segment  by  two  f  inch  bolts  at  each 
end,  passing  through  projecting  feathers  upon  the 
brasses  and  segment,  three-eighths  of  an  inch  in 
thickness.  The  curvature  of  the  segment  is  such  as 
to  correspond  with  the  arc  swept  from  the  centre  of  the 
trunnion  to  the  centre  of  the  valve  lever  pin  when 
the  valve  is  at  half  stroke  as  a  radius ;  and  the  oper- 
ation of  the  segment  is  to  prevent  the  valve  from 
being  affected  by  the  oscillation  of  the  cylinder,  but 
the  same  action  would  be  obtained  by  the  employment 
of  a  smaller  eccentric  with  more  lead.  In  some  engines 
the  segment  is  not  formed  in  a  single  piece,  but  of 
two  curved  blades,  with  blocks  interposed  at  the 
ends,  which  may  be  filed  down  a  little,  to  enable  the 
sides  of  the  slot  to  be  brought  nearer,  as  the  metal 
wears  away. 
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631.  Q.  —  What  kind  of  plammer  blocks  are  used 
for  the  paddle  shaft  bearings  ? 

A,  —  The  paddle  shaft  plummer  blocks  are  alto- 
gether of  brass,  and  are  formed  in  much  the  same 
manner  as  the  cap  of  the  piston  rod,  only  that  the  sole 
is  flat,  as  in  ordinary  plummer  blocks,  and  is  fitted 
between  projecting  lugs  of  the  framing,  to  prevent 
side  motion.  In  the  bearings  fitted  on  this  plan, 
however,  the  upper  brass  will  generally  acquire  a 
good  deal  of  play  after  some  amount  of  wear.  The 
bolts  are  worked  slack  in  the  holes,  though  accurately 
fitted  at  first;  and  it  appears  expedient,  therefore, 
either  to  make  the  bolts  very  large,  and  the  sockets 
through  which  they  pass  very  deep,  or  to  let  one  brass 
fit  into  the  other. 

632.  Q.  —  How  are  the  trunnion  plummer  blocks 
made? 

A.  -^  The  trunnion  plummer  blocks  are  formed  in 
the  same  manner  as  the  crank  shaft  plummer  blocks ; 
the  nuts  are  kept  from  turning  back  by  means  of  a 
pinching  screw  passing  through  a  stationary  washer. 
Tt  is  not  expedient  to  cast  the  trunnion  plummer 
blocks  upon  the  lower  frame,  as  is  sometimes  done ; 
for  the  cylinders,  being  pressed  from  the  steam  trun- 
nions by  the  steam,  and  drawn  in  the  direction  of  the 
condenser  by  the  vacuum,  have  a  continual  tendency 
to  approach  one  another ;  and  as  they  wear  slightly 
towards  midships  there  would  be  no  power  of  re-ad- 
justment unless  the  plummer  blocks  were  movable. 
The  flanges  of  the  trunnions  should  always  fit  tight 
against  the  plummer  block  sides,  but  there  should  be 
a  little  play  sideways  at  the  necks  of  the  trunnions, 
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80  that  the  cjlinder  may  be  enabled  to  expand  wben 
heated,  without  throwing  an  undue  strain  upon  the 
trunnion  supports. 

633.  Q.  —  What  kind  of  paddle  wheel  is  supplied 
with  these  oscillating  engines  ? 

A.  —  The  wheels  are  of  the  feathering  kind,  9  feet 
6  inches  in  diameter,  measuring  to  the  edges  of  the 
floats;  and  there  are  10  floats  upon  each  wheel, 
measuring  4  feet  6  inches  long  each,  and  IS^  inches 
broad.  There  are  two  sets  of  arms  to  the  wheel, 
which  converge  to  a  cast  iron  centre,  formed  like  a 
short  pipe  with  large  flanges,  to  which  the  arms  are 
affixed.  The  diameter  of  the  shaft,  where  the  centre 
is  put  on,  is  4^  inches,  the  external  diameter  of  the 
pipe  is  8  inches,  and  the  diameter  of  the  flanges  is  20 
inches,  and  their  thickness  1^  inch.  The  flanges 
are  12  inches  asunder  at  the  outer  edge,  and  thej 
partake  of  the  converging  direction  of  the  arms.  The 
arms  are  2^  inches  broad,  and  half  an  inch  thick ;  the 
heads  are  made  conical,  and  each  is  secured  into  a 
recess  upon  the  side  of  the  flange  by  means  of  three 
bolts.  The  ring  which  connects  together  the  arms, 
runs  round  at  a  distance  of  3  feet  6  inches  from  the 
centre,  and  the  projecting  ends  of  the  arms  are  bent 
backward  the  length  of  the  lever  which  moves  the 
floats,  and  are  made  very  wide  and  strong  at  the 
point  where  they  cross  the  ring,  to  which  they  are 
attached  by  four  rivets.  The  feathering  action  of  the 
floats  is  accomplished  by  means  of  a  pin  fixed  to  the 
Interior  of  the  paddle  box,  set  3  inches  in  advance  of 
the  centre  of  the  shaft,  and  in  the  same  horizontal 
line.     This  pin  is  encircled  by  a.  cast  iron  collar,  to 


DETAILS  OF  THE  PADDLE  WHEEL.  429 

which  rods  are  attached  If  inch  diameter  in  the  centre, 
proceeding  to  the  levers,  7  inches  long,  fixed  on  the 
back  of  the  floats  in  the  line  of  the  outer  arms.  One 
of  these  rods,  however,  is  formed  of  nearly  the  same 
dimensions  as  one  of  the  arms  of  the  wheel,  and  ia 
called  the  driving  arm,  as  it  causes  the  cast  iron  collar 
to  turn  round  with  the  revolution  of  the  wheel,  and 
this  collar,  by  means  of  its  attachments  to  the  floats^ 
accomplishes  the  feathering  action.  i?he  eccentricity 
in  this  wheel  is  not  sufficient  to  keep  the  floats  in  the 
vertical  position,  but  in  the  position  between  the 
vertical  and  the  radial.  The  diameter  of  the  pins 
upon  which  the  floats  turn  is  If  inch,  and  between 
the  pins  and  the  paddle  ring  two  stud  rods  are  set 
between  each  of  the  projecting  ends  of  the  arms,  so  as 
to  prevent  the  two  sets  of  arms  from  being  forced 
nearer  or  further  apart ;  and  thus  prevent  the  ends  of 
the  arms  from  hindering  the  action  of  the  floats,  by 
being  accidentally  jammed  upon  the  sides  of  the 
joints.  Stays,  crossing  one  another,  proceed  from  the 
inner  flange  of  the  centre  to  the  outer  ring  of  the 
wheel,  and  from  the  outer  flange  of  the  centre  to  the 
inner  ring  of  the  wheel,  with  the  view  of  obtaining 
greater  stiffness.  The  floats  are  formed  of  plate  iron, 
and  the  whole  of  the  joints  and  joint  pins  are  steeled, 
or  formed  of  steel.  For  sea  going  vessels  the  most 
approved  practice  is  to  make  the  joint  pins  of  brass, 
and  to  bush  the  eyes  of  the  joints  with  lignum  vitcB ; 
and  the  surface  should  be  large  to  diminish  wear. 

634.  Q. — Can  you  give  the  dimensions  of  any 
other  oscillating  engines  ? 

A, — In  Messrs.  Penn's  50  horse  power  oscillating 
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engine,  the  diameter  of  the  cylinder  is  3  feet  4  inches, 
and  the  length  of  the  stroke  3  feet.  The  thickness  of 
the  metal  of  the  cylinder  is  1  inch,  and  the  thickness 
of  the  cylinder  bottom  is  If  inch,  crossed  with 
feathers,  to  give  it  additional  stiffness.  The  diameter 
of  the  trunnion  bearings  is  1  foot  2  inches,  and  the 
breadth  of  the  trunnion  bearings  &^  inches.  Messrs. 
Penn,  in  their  larger  engines,  generally  make  the 
area  of  the  steam  trunnion  less  than  that  of  the  educ- 
tion trunnion,  in  the  proportion  of  32  to  37 ;  and  Uie 
diameter  of  the  eduction  trunnion  is  regulated  by  the 
internal  diameter  of  the  eduction  pipe,  which  is  about 
^th  of  the  diameter  of  the  cylinder.  But  a  somewhat 
larger  proportion  than  this  appears  to  be  expedient : 
Messrs.  Bennie  make  the  area  of  their  eduction  pipes, 
in  oscillating  engines,  ^nd  of  the  area  of  the  cy- 
linder. In  the  oscillating  engines  of  the  Oberon,  bj 
Messrs.  Bennie^  the  cylinder  is  61  inches  diameter, 
and  1^  inch  thick  above  and  below  the  belt,  but  in 
the  wake  of  the  belt  it  is  1^  inch  thick,  which  is  also 
the  thickness  of  metal  of  the  belt  itself.  The  internal 
depth  of  the  belt  is  2  feet  6  inches,  and  its  internal 
breadth  is  4  inches.  The  piston  rod  is  6|  inches  in 
diameter,  and  the  total  depth  of  the  cylinder  stuffing 
box  is  2  feet  4  inches,  of  which  18  inches  consists  of 
a  brass  bush  — this  depth  of  bearing  being  employed 
to  prevent  the  stuffing  box  or  cylinder  from  wearing 
oval 

635.  Q.  ^-Can  you  give  any  other  examples  ? 

A.  —  The  diameter  of  cylinder  of  the  oscillating 
engines  of  the  steamers  Pottinger,  Bipon,  and  Indus, 
by  Miller  and  Bavenhill,  is  76  inches,  and  the  length 
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of  the  Stroke  7  feet.  The  thickness  of  the  metal  of 
the  cylinder  is  IfJ^  inch  ;  diameter  of  the  piston  rod 
8$  inches ;  total  depth  of  cylinder  stuffing  hox  3  feet ; 
depth  of  bush  in  stuffing  box  4  inches ;  the  rest  of  the 
depth,  with  the  exception  of  the  space  for  packing, 
being  occupied  with  a  very  deep  gland,  bushed  with 
brass.  The  internal  diameter  of  the  steam  pipe  is  13 
inches ;  diameter  of  steam  trunnion  journal  25  inches; 
diameter  of  eduction  trunnion  journal  25  inches; 
thickness  of  metal  of  trunnions  2^  inches ;  length  of 
trunnion  bearings  11  inches;  projection  of  cylinder 
jacket,  8  inches ;  depth  of  packing  space  in  trunnions, 
10  inches ;  width  of  packing  space  in  trunnions,  or 
space  round  the  pipes,  1^  inch ;  diameter  of  crank 
pin  10^  inches ;  length  of  bearing  of  crank  pin  15^ 
inches.  There  are  six  boilers  on  the  tubular  plan  in 
each  of  these  vessels ;  the  length  of  each  boiler  is  10 
feet  6  inches^  and  the  breadth  8  feet ;  and  each  boiler 
contains  62  tubes  3  inches  in  diameter,  and  6  feet  6 
inches  long,  and  two  furnaces  6  feet  4^  inches  long, 
and  3  feet  1^  inch  broad. 

636.  Q.^-18  it  the  invariable  practice  to  make 
the  piston  rod  cap  of  brass  in  the  way  you  have 
described  ? 

A,  —  In  all  oscillating  engines  of  any  considerable 
size,  the  cover  of  the  connecting  brass,  which  attaches 
the  crank  pin  to  the  connecting  rod,  is  formed  of 
malleable  iron  ;  and  the  socket  also,  which  is  cuttered 
to  the  end  of  the  piston  rod,  is  of  malleable  iron,  and 
is  formed  with  a  T  head,  through  which  bolts  pass  up 
through  the  brass,  to  keep  the  cover  of  the  brass  in 
its  place. 
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637.  Q.  —  Is  the  piston  of  an  oscillating  engine 
made  deeper  than  in  common  engines  ? 

As — It  IB  expedient,  in  oscillating  engines,  to  form 
the  piston  with  a  projecting  rim  round  the  edge  above 
and  helowy  and  a  corresponding  recess  in  the  cylinder 
cover  and  cylinder  bottom,  whereby  the  breadth  of 
bearing  of  the  solid  part  of  the  metal  will  be  increased, 
and  in  many  engines  this  is  now  done. 

638.  Q.  —  Would  any  difficulty  be  experienced  in 
keeping  the  trunnions  tight  in  a  high  pressure  osdl* 
lating  engine  ? 

A.  —  It  is  very  doubtful  whether  the  steam  trun- 
nions of  a  high  pressure  oscillating  engine  will  con- 
tinue long  tight  if  the  packing  consists  of  hemp ;  and 
it  appears  preferable  to  introduce  a  brass  ring,  to 
embrace  the  pipe,  cut  spirally,  with  an  overlap  piece 
to  cover  the  cut,  and  packed  behind  with  hemp. 

639.  Q.  —  How  is  the  packing  of  the  trunnions 
usually  effected  ? 

A,  —  The  packing  of  the  trunnions^  after  being 
plaited  as  hard  as  possible,  and  cut  to  the  length  to 
form  one  turn  round  the  pipe,  is  dipped  into  boiling 
tallow,  and  is  then  compressed  in  a  mould,  consisting 
of  two  concentric  cylinders,  with  a  gland  forced  down 
into  the  annular  space  by  three  to  six  screws  in  the 
case  of  large  diameters,  and  one  central  screw  in  the 
case  of  small  diameters.  Unless  the  trunnion  pack- 
ings be  well  compressed,  they  will  be  likely  to  leak 
air,  and  it  is,  therefore,  necessary  to  pay  particular 
attention  to  this  condition.  It  is  also  very  important 
that  the  trunnions  be  accurately  fitted  into  their 
brasses  by  scraping,  so  that  there  may  not  be  the 
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smallest  amount  of  play  left  upon  them  ;  for  if  an^* 
upward  motion  is  permitted,  it  will  be  impossible  to 
prevent  the  trunnion  packings  from  leaking. 

DIRECT  ACTING  SCREW  ENGINE. 

640.  Q. — Will  you  describe  the  configuration  and 
construction  of  a  direct  acting  screw  engine  ? 

A, — ^I  will  take  as  an  example  of  this  species  of 
engine,  the  engine  constructed  bj  Messrs.  John 
Bourne  and  Co.,  for  the  screw  steamer  Alma,  a  vessel 
of  500  tons  burden.  This  engine  is  a  single  steeple 
engine  laid  on  its  side,  and  in  its  general  features  it 
resembles  the  engines  of  the  Amphion  already  de- 
scribed, only  that  there  is  one  cylinder  instead  of  two. 
The  cylinder  is  of  42  inches  diameter  and  42  inches 
stroke,  and  the  vessel  has  been  propelled  by  this 
single  engine  at  the  rate  of  fourteen  miles  an  hour. 

641.  Q. — Is  not  a  single  engine  liable  to  stick  upon 
the  centre  so  that  it  cannot  be  started  or  reversed 
with  facility  ? 

A, — A  single  engine  is  no  doubt  more  liable  to 
stick  upon  the  centre  than  two  engines,  the  cranks  of 
which  are  set  at  right  angles  with  one  another ;  but 
numerous  paddle  vessels  are  plying  successfully  that 
ore  propelled  by  a  single  engine,  and  the  screw  offers 
stiU  greater  facility  than  paddles  for  such  a  mode  of 
construction.  In  the  screw  engine  referred  to,  as  the 
cylinder  is  laid  upon  its  side,  there  is  no  unbalanced 
weight  to  be  lifted  up  every  stroke,  and  the  crank, 
whereby  the  screw  shaft  is  turned  round,  consists  of 
two  discs  with  a  heavy  side  intended  to  balance  the 
pp 
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momentum  of  the  piston  and  its  connections ;  but  these 
counter- weights  by  their  gravitation  also  prevent  the 
connecting  rod  and  crank  from  continuing  in  the 
same  line  when  the  engine  is  stopped,  and  in  fact 
they  place  the  crank  in  the  most  advantageous  position 
for  starting  again  when  it  has  to  be  set  on. 

642.  Q. — ^Will  you  explain  the  general  arrangement 
of  the  parts  of  this  engine  ? 

A. — The  cylinder  lies  on  its  side  near  one  side  of 
the  vessel,  and  from  the  end  of  the  cylinder  two  piston 
rods  extend  to  a  cross  head  sliding  athwartsbips^  in 
guides,  near  the  other  side  of  the  vessel.  To  this  cross 
head  the  connecting  rod  is  attached,  and  one  end  of  it 
partakes  of  the  motion  of  the  cross  head  or  piston, 
while  the  other  end  is  free  to  follow  the  rerolution  of 
the  crank  on  the  screw  shaft. 

643.  Q. — What  is  the  advantage  of  two  discs 
entering  into  the  composition  of  the  crank  instead 
of  one  ? 

A. — ^A  doable  crank,  such  as  two  discs  form  with 
the  crank  pin,  is  a  much  steadier  combination  than 
would  result  if  only  one  disc  were  employed  with  an 
over-hung  pin.  Then  the  friction  on  the  neck  of  the 
shaft  is  made  one  half  less  by  being  divided  between 
the  two  bearings,  and  the  short  prolongation  of  the 
shaft  beyond  the  journal  is  convenient  for  the  attach- 
ment of  the  eccentrics  to  work  the  valves. 

644.  Q. — Will  you  enumerate  some  of  the  principal 
dimensions  of  this  engine  ? 

^.»The  bottom  frame,  on  which  also  the  condenser 
is  cast,  forms  the  base  of  the  engine :  on  one  end  of 
it  the  cylinder  is  set ;  on  the  other  end  are  the  guides 
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for  the  cross  head,  and  in  the  middle  are  the  bearings 
for  the  crank  shaft.  The  part  where  the  cylinder 
stands  is  two  feet  high  above  the  engine  platform, 
and  the  elevation  to  the  centre  of  the  guides  or  the 
centre  of  the  shaft  is  10  inches  higher  than  this.  The 
metal  both  of  the  side  frames  and  bottom  flange  is 
I^  inch  thick.  The  cylinder  has  flanges  cast  on  its 
sides,  upon  which  it  rests  on  the  bottom  frame,  and 
it  is  sunk  between  the  sides  of  the  frame  so  as  to 
bring  the  centre  of  the  cylinder  in  the  same  plane  as 
the  centre  of  the  screw  shaft.  The  opening  left  at  the 
guides  for  the  reception  of  the  guide  blocks  is  6  inches 
deep,  and  the  breadth  of  the  bearing  surface  is  11 
inches.  The  cover  of  the  guides  is  8  inches  deep  at 
the  middle,  and  about  half  the  depth  at  the  ends,  and 
holes  are  cored  through  the  central  web  for  two  oil 
cups  on  each  guide.  The  brass  for  each  of  the  crank 
shaft  bearings  is  cut  into  four  pieces  so  that  it  may 
be  tightened  in  the  up  and  down  direction  by  the 
bolts,  which  secure  the  plummer  block  cap,  and 
tightened  in  the  athwartship  direction,  which  is  the 
direction  of  the  strain,  by  screwing  up  a  wedge- 
formed  plate  against  the  side  of  the  brass,  a  parallel 
plate  being  applied  to  the  other  side  of  the  brass, 
which  may  be  withdrawn  to  get  out  the  wedge  piece 
when  the  shaft  requires  to  be  lifted  out  of  its  place. 
The  air  pump  is  bolted  to  one  side  of  the  bottom 
frame,  and  a  passage  is  cast  on  it  conducting  from  the 
condenser  to  the  air  pump.  In  this  passage  the  inlet 
and  outlet  valves  at  each  end  of  the  air  pump  are 
situated,  and  appropriate  doors  are  formed  above  them 
to  make  them  easily  accessible.    The  outlet  passage 
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leading  from  the  air  pump  communicates  with  the 
waste  water  pipe,  through  which  the  water  expelled 
hj  the  air  pump  is  discharged  overboard. 

645.  Q. — Is  the  cylinder  of  the  usual  strength  and 
configuration  ? 

A, — The  cylinder  is  formed  of  cast  iron  in  the  usual 
way,  and  is  1^  inch  thick  in  the  barreL  The  ends 
are  of  the  same  thickness,  but  are  each  stiffened  with 
six  strong  feathers.  The  piston  is  cast  open.  The 
bottom  of  it  is  f  ths  of  an  inch  thick,  and  it  is  stiffened 
by  six  feathers  f  of  an  inch  thick  ;  but  the  feather 
connecting  the  piston  rod  eyes  is  1^  inch  thick,  and 
the  metal  round  the  eyes  is  2  inches  thick.  The 
piston  is  closed  by  a  disc  or  cover  f  ths  of  an  inch 
thick,  secured  by  15  bolts,  and  this  cover  answers 
also  the  purpose  of  a  junk  ring.  The  piston  packing 
consists  of  a  single  cast  iron  ring  3^  inches  broad,  and 
i  inch  thick,  packed  behind  with  hemp.  This  ring 
is  formed  with  a  tongue  piece,  with  an  indented  plate 
behind  the  cut ;  and  the  cut  is  oblique  to  prevent  a 
ridge  forming  in  the  cylinder.  The  total  thickness  of 
the  piston  is  5^  inches.  The  piston  rods  are  formed 
with  conical  ends  for  fitting  into  the  piston,  but  are 
coned  the  reverse  way  as  in  locomotives,  and  are 
secured  in  the  piston  by  nuts  on  the  ends  of  the  rods, 
these  nuts  being  provided  with  ratchets  to  prevent 
them  from  unscrewing  accidentally. 

646.  Q. — What  species  of  slide  valve  is  employed  ? 
A, — The  ordinary  three  ported  valve,  and  it  is  set 

on  the  top  of  the  cylinder.  The  cylinder  ports  are 
4^  inches  broad  by  24  inches  long ;  and  to  relieve  the 
valve  from  the  great  friction  due  to  the  pressure  on 
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80  large  a  surface,  a  balance  piston  is  placed  over  the 
back  of  the  valve,  to  which  it  is  connected  by  a  strong 
link ;  and  the  upward  pressure  on  this  piston  being 
nearly  the  same  as  the  downward  pressure  on  the 
valve,  it  follows  that  the  friction  is  extinguished,  and 
the  valve  can  be  moved  with  great  ease  with  one 
hand.  The  balance  piston  is  21  inches  in  diameter. 
In  the  original  construction  of  this  balance  piston  two 
faults  were  committed.  The  passage  communicating 
between  the  condenser  and  the  top  of  the  balance 
piston  was  too  small,  and  the  pins  at  the  ends  of  the 
link  connecting  the  valve  and  balance  piston  were 
formed  with  an  inadequate  amount  of  bearing  surface. 
It  followed  from  this  misproportion  that  the  balance 
piston,  being  adjusted  to  take  off  nearly  the  whole  of 
the  pressure,  lifted  the  valve  off  the  face  at  the  begin- 
ning of  each  stroke.  For  the  escape  of  the  steam  into 
the  eduction  passage  momentarily  impaired  the  vacuum 
subsisting  there,  and  owing  to  the  smallness  of  the 
passage  leading  to  the  space  above  the  balance  piston, 
the  vacuum  subsisting  in  that  space  could  not  be  im- 
paired with  equal  rapidity.  The  balance  piston, 
therefore,  rose  by  the  upward  pressure  upon  it  mo- 
mentarily predominating  over  the  downward  pressure 
on  the  valve ;  but  this  fault  was  corrected  by  enlarg- 
ing the  communicating  passage  between  the  top  of  the 
balance  piston  and  the  eduction  pipe.  The  smallness 
of  the  pins  at  the  ends  of  the  link  connecting  the 
valve  and  balance  piston,  caused  the  surfaces  to  cut 
into  one  another,  and  to  wear  very  rapidly^  and  the 
pins  and  eyes  in  this  situation  should  be  large  in 
diameter,  and  as  long  as  they  can  be  got,  as  they  are 
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not  80  easilj  labricated  as  the  other  bearings  about 
the  engine^  and  are  moreover  kept  at  a  high  tempera- 
ture bj  the  steam.  The  balance  piston  is  packed  in 
the  same  way  as  the  main  piston  of  the  engine.  Its 
cylinder,  which  is  only  a  few  inches  in  length,  is  set 
on  the  top  of  the  valve  casing,  and  a  trunk  projects 
upwards  from  its  centre  to  enable  the  connecting  link 
to  rise  up  in  it  to  attain  the  necessary  length. 

647.  Q.— What  is  the  diameter  of 
the  piston  rods  and  connecting  rod  ? 

A, — The  piston  rods,  which  are  two 
in  number,  are  3  inches  diameter,  and 
12  feet  10  inches  long  over  alL  They 
were,  however,  found  to  be  rather 
small,  and  have  since  been  made  half 
an  inch  thicker.  The  connecting  rod 
consists  of  two  rods,  which  are  pro 
longations  of  the  bolts  that  connect 
the  sides  of  the  brass  bushes  which 
encircle  the  crank  pin  and  cross  head. 
The  connecting  rod  is  shown  in  per- 
spective in/^.  56.  The  rods  compos 
ing  it  are  each  2f  inches  in  diameter. 

648.  Q.— Will  you  describe  the  con 
figuration  of  the  cross  head  ? 

A. — The  cross  head,  exhibited  in 
Jig,  57. y  is  a  round  piece  of  iron  like  a 
short  shaft,  with  two  unequal  arms 
keyed  upon  it,  the  longer  of  which  b 
works  the  air  pump,  and  the  shorter  c 
works  the  feed  pump.  The  piston 
rods  enter  these  arms  at  oo.  The 
cross    head    is    8    inches    diameter 
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where  it  is  embraced  by  the  connecting  rod  at 
e,  and  7  inches  diameter  where  the  air  pump  and 
feed  pump  arms  are  fixed  on.  The  ends  of  the 
cross  head  dd^  for  a  length  of  12  inches,  are  re«* 
duced  to  3  inches  diameter  where  thej  fit  into  round 
holes  in    the  centre  of  the  guide  blocks.     Those 

Fig.  67. 
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blocks  are  of  cast  iron  6  inches  deep,  1 1  inches  wide, 
and  14  inches  long,  and  they  are  formed  with  flanges 

1  inch  thick  on  the  inner  sides  of  the  blocks.  The 
projection  of  the  air  pump  lever  from  the  centre  of 
the  cross  head  is  1  foot  9  inches,  and  it  is  bent  5| 
inches  to  one  side  to  enable  it  to  engage  the  air  pump 
rod.     The  eye  of  this  arm  is  6  inches  broad  and  about 

2  inches  thick.  At  the  part  where  one  of  the  piston 
rods  passes  through  it,  the  arm  is  8  inches  deep  and 
6  inches  wide ;  but  the  width  thereafter  narrows  to 

3  inches,  and  finally  to  2  inches ;  and  the  depth  of  the 
web  of  the  arm  reduces  from  8  inches  at  the  piston 
rod,  to  4  inches  at  the  eye,  which  receives  the  and 
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of  the  air  pump  rod.  The  feed  pump  arm  is  only  3 
inches  thick,  and  has  9  inches  of  projection  from  the 
centre  of  the  cross  head ;  but  the  eje  attached  to  it 
on  the  opposite  side  of  the  cross  head  for  the  recep- 
tion of  the  other  piston  rod  is  of  the  same  length  as 
that  part  of  the  air  pump  arm  which  one  of  the  piston 
rods  passes  through.  The  piston  rods  have  strong 
nuts  on  each  side  of  each  of  these  arms  to  attach  them 
to  the  arms,  and  also  to  enable  the  length  of  the  piston 
rods  to  be  suitably  adjusted,  to  leave  equal  clearance 
between  the  piston  and  each  end  of  the  cylinder  at  the 
termination  of  the  stroke. 

649.  Q. — Will  you  recapitulate  the  main  particulars 
of  the  air  pump  ? 

A.  —  The  air  pump  is  made  of  brass  12^  inches 
diameter  and  42  inches  stroke,  and  the  metal  of  the 
barrel  is  -^ths  of  an  inch  thick.  The  air  pump 
bucket  is  a  solid  piston  of  brass,  6}  inches  deep  at  the 
edge,  and  7  inches  deep  at  the  eye  ;  and  in  the  edge 
three  grooves  are  turned  to  hold  water  which  answers 
the  purpose  of  packing.  The  inlet  and  outlet  valves 
of  the  air  pump  consist  of  brass  plates  -^  inch  with 
strong  feathers  across  them,  and  in  each  plate  there 
are  six  grated  perforations  covered  by  india  rubber 
discs  7  inches  in  diameter.  These  six  perforations 
afford  collectively  an  area  for  the  passage  of  the  water 
equal  to  the  area  of  the  pump.  The  air  pump  rod  is 
of  brass,  2^  inches  diameter. 

650.  Q.  —  What  are  the  constructive  peculiarities 
of  the  discs  and  crank  pin  ? 

A.  —  The  discs,  which  are  64  inches  diameter,  are 
formed  of  cast  iron,  and  are  2^  inches  thick  in  the 
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body,  and  5  inches  broad  at  the  rim.  The  crank 
sliaft  is  8|-  inches  diameter,  and  the  central  boss  of 
the  disc  which  receives  the  shaft  measures  10  inches 
through  the  eje,  and  the  metal  of  the  eye  is  3  inches 
thick.  In  the  part  of  the  disc  opposite  to  the  crank 
pin,  the  web  is  thickened  to  10  inches  for  nearly  the 
whole  semicircle,  with  the  view  of  making  that  side 
of  the  disc  heavier  than  the  other  side ;  and  when  the 
engine  is  stopped,  the  gravitation  of  this  heavy  side 
raises  the  crank  pin  to  the  highest  point  it  can  attain, 
whereby  it  is  placed  in  mid  stroke,  and  cannot  rest 
with  the  piston  rods  and  connecting  rod  in  a  hori- 
zontal line.  The  crank  pin  is  8^  inches  diameter, 
and  the  length  of  the  bearing  or  rubbing  part  of  it  is 
16  inches.  It  is  secured  at  the  ends  to  the  discs  by 
flanges  18  inches  diameter,  and  2  inches  thick.  These 
flanges  are  indented  into  thickened  parts  of  the  discs, 
and  are  each  attached  to  its  corresponding  disc  by  six 
bolts  2  inches  diameter,  countersunk  in  the  back  of 
the  disc,  and  tapped  into  the  malleable  iron  flange. 
Besides  this  attachment,  each  end  of  the  pin,  reduced 
to  4^  inches  diameter,  passes  through  a  hole  in  its 
corresponding  disc,  and  the  ends  of  the  pin  are  then 
riveted  over.  The  crank  pin  is  perforated  through 
^he  centre  by  a  small  hole  about  |  of  an  inch  in 
dib'meter,  and  three  perforations  proceed  from  this 
central  hole  to  the  surface  of  the  pin.  Each  crank 
shaft  bearing  is  similarly  perforated^  and  pipes  are 
cast  in  the  discs  connecting  these  perforations  toge- 
ther, llie  result  of  this  arrangement  is,  that  a  large 
part  of  thVoil  or  water  fed  into  the  bearings  of  the 
shaft  is  driven  by  the  centrifugal,  action  of  the  discs 
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to  the  surface  of  the  crank  pin,  and  in  this  way  the 
crank  pin  may  be  oiled  or  cooled  with  water  in  a  very 
effectual  manner.  To  intercept  the  water  or  oil  which 
the  discs  thus  drive  oat  by  their  centrifugal  action, 
a  light  paddle  box  or  splash  board  of  thin  sheet  brass 

Ffg.  58. 
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is  made  to  cover  the  upper  part  of  each  of  the  discs, 
and  an  oil  cup  with  depending  wick  is  supported  by 
the  tops  of  these  paddle  boxes,  which  wick  is  touched 
at  each  revolution  of  the  crank  by  a  bridge  standing 
in  the  middle  of  an  oil  cup  attached  to  the  crank  pin. 
The  oil  is  wiped  from  the  wick  by  the  projecting 
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bridge  at  each  reYolution,  and  subndes  into  the  cup 
&om  whence  it  proceeds  to  lubricate  the  crank  pin 
bearing.  This  is  the  expedient  commonlj  employed 
to  oil  the  crank  pins  of  direct  acting  engines ;  but  in 
the  engine  now  described,  there  is  over  and  above 
this  expedient,  the  communicating  passages  from  the 
shaft  bearings  to  the  surface  of  the  pin,  by  which  means 
anj  amount  of  cooling  or  lubrication  can  be  adminis- 
tered to  the  crank  pin  bearings  without  the  necessity 
of  stopping  or  slowing  the  engine. 

651.  Q. — ^What  is  the  diameter  of  the  screw  shaft  ? 
A, — The  screw  shaft  is  7|  inches  diameter,  but  the 

bearings  on  each  side  of  the  disc  are  8^  inches  dia- 
meter, and  16  inches  long.  Between  the  side  gf  the 
disc  and  the  side  of  the  contiguous  bearing  there  is  a 
short  neck  extending  4|  inches  in  the  length  of  the 
shaft,  and  hollowed  out  somewhat  to  permit  the  pas- 
sage of  the  piston  rod ;  for  one  piston  rod  passes 
immediately  above  the  shaft  on  the  one  side  of  the 
discs,  and  the  other  piston  rod  passes  immediately 
below  the  shaft  on  the  other  side  of  the  discs.  A 
short  piece  of  one  piston  rod  is  shown  in^i^.  58. 

652.  Q.  —  How  is  the  thrust  of  the  screw  shaft 
received  ? 

A. — The  thrust  of  the  screw  shaft  is  received  upon 
7  collars,  each  1  inch  thick,  and  with  1  inch  of  pro- 
jection above  the  shaft.  The  plummer  block  for  re- 
ceiving the  thrust  of  the  shaft  is  shown  in  ^g,  5% 
and  the  coupling  to  enable  the  screw  propeller  to  be 
disconnected  from  the  engine,  so  that  it  may  revolve 
freely  when  the  vessel  is  under  sail,  is  shown  in  fy. 
60.    When  it  is  required  to  disengage  the  propeller 
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from  the  engine,  the  pins  passing  through  the  opposite 
ejes  shown  in  fig^  60.,  are  withdrawn  bj  means  of 
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screws  provided  for  that  purpose,  and  the  propeller 
and  the  engine  are  thenceforth  independent  of  one 
another. 

653.  Q. —  Will  you  describe  the  arrangement  of 
the  valve  gearing  ? 

A,  —  The  end  of  the  screw  shaii,  aft^T  emerging 
from  the  bearing  beside  the  disc,  is  reduced  to  a  dia- 
meter of  4  inches,  and  is  prolonged  for  4^-  inches  to 
give  attachment  to  the  cam  or  curved  plate  which 
gives  motion  to  the  expansion  valve.  This  plate  is 
3^  inches  thick,  and  a  stud  3^  inches  diameter  is  fixed 
in  the  plate  at  a  distance  of  5  inches  from  the  centre 
of  the  shaft  To  this  stud  an  arm  is  attached  which 
extends  to  a  distance  of  2  inches  from  the  centre  of 
the  shaft  in  the  opposite  direction,  and  the  end  of  this 
arm  carries  a  pin  of  2^  inches  diameter.    From  the 
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pin  most  remote  from  the  centre  of  the  shaft,  a  rod  2^ 
inches  hroad  and  1  inch  thick  extends  to  the  upper 
end  of  the  link  of  the  link  motion ;  and  from  the  pin 
Fig,  61.  ^^^^  remote  from  the  centre  of  the 

shaft,  a  similar  rod  extends  to  the 
lower  end  of  the  link  of  the  link 
motion.  This  link,  which  is  repre- 
sented in^.  61.,  is  2^  inches  hroad, 
1  inch  thick,  and  is  capable  of  being 
raised  or  lowered  25  inches  in  all. 
In  the  open  part  of  the  link  is  a 
brass  block,  which,  hj  raising  or 
lowering  the  link,  takes  either  the 
position  in  which  it  is  represented 
at  the  centre  of  the  link,  or  a  posi- 
tion at  either  end  of  it.  Through 
LiMK  Monoir.       the  hole  in  the  brass  block  a  pin 

Mem..  Bourne  and  Co.  p^^^g^g  ^^  ^^^^^  ^j^^  ^^^^  ^  ^^^  ^^^ 

of  a  lever  fixed  on  the  valve  shaft ;  so  that  whatever 
motion  is  imparted  to  the  brass  block  is  communicated 
to  the  valve  through  the  medium  of  this  lever.  If 
the  brass  block  be  set  in  the  middle  of  the  link,  no 
motion  is  communicated  to  it,  and  the  valve  being 
consequently  kept  stationary  and  covering  both  ports, 
the  engine  stops.  If  the  link  be  lowered  until  the 
brass  block  comes  to  the  upper  end  of  the  link,  the 
valve  receives  the  motion  of  the  eccentric  i«r  going 
ahead,  and  the  engine  moves  ahead ;  whereas  if  the 
link  be  raised  until  the  brass  block  comes  to  the  lower 
end  of  the  link,  the  valve  receives  the  motion  of  the 
backing  eccentric,  and  the  engine  moves  astern.  In- 
stead of  eccentrics^  however,  pins  at  the  end  of  the 
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shaft  are  employed  in  this  engine,  the  arrangement 
partaking  of  the  nature  of  a  double  crank ;  bnt  the 
backing  pin  has  less  throw  than  the  going  ahead  pin, 
whereby  the  efficient  length  of  the  link  for  going 
ahead  is  increased;  and  the  operation  of  backing, 
which  does  not  require  to  be  performed  at  the  highest 
rate  of  speed,  is  sufficiently  accommodated  by  about 
half  the  throw  being  given  to  the  valve  that  is  given 
in  going  ahead.  A  valve  shaft  extends  across  the 
end  of  the  cylinder  with  two  levers  standing  up,  which 
engage  horizontal  side  rods  extending  from  a  small 
cross  head  on  the  end  of  the  valve  rod.  A  lever  ex- 
tends downwards  from  the  end  of  the  valve  shaft, 
which  is  connected  by  a  pin  to  the  brass  block  within 
the  link ;  and  the  link  is  moved  up  or  down  bj  the 
starting  handle,  which,  by  means  of  a  spring  bolt 
shooting  into  a  quadrant,  holds  the  starting  handle  at 
any  position  in  which  it  may  be  set 

654.  Q.  —  What  is  the  diameteir  and  pitch  of  the 
screw  propeller? 

A.  —  The  diameter  is  7  feet  and  the  pitch  14  feet 
The  propeller  is  Holm's  oonchoidal  propeller.  Its 
diameter  is  smaller  than  is  advisable,  being  limited 
by  the  draught  of  water  of  the  vessel ;  and  the  vessel 
was  required  to  have  a  small  draught  of  water  to  go 
over  a  bar.  This  engine  makes,  under  favourable 
circumstances,  100  strokes  per  minute.  The  speed  of 
piston  with  this  number  of  strokes  is  700  feet  per 
minute,  and  the  engine  works  steadily  at  this  sp^ed, 
the  shock  and  tremor  arising  from  the  arrested  mo- 
mentum of  the  moving  parts  being  taken  away  by  tlie 
couliterbalance  applied  at  the  discs. 
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655.  Q.  —  Will  you  describe  the  principal  features 
of  a  modem  locomotive  engine  ? 

A.  —  I  will  take  for  this  purpose  the  locomotive 
Snake,  constructed  by  John  V.  Gooch  for  the  London 
and  South  Western  Railway,  as  an  example  of  a 
modem  locomotive  of  good  construction,  adapted  for 
the  narrow  gauge.  The  length  of  the  wheel  base 
of  this  engine  is  12  feet  8}  inches.  There  are  two 
cylinders,  each  14}  inches  diameter  and  21  inches 
stroke.  The  total  weight  of  the  engine  is  19  tons ; 
and  this  weight  is  so  distributed  on  the  wheels  as  to 
throw  8  tons  on  the  leading  wheels,  6  tons  on  the 
driving  wheels,  and  5  tons  on  the  hind  wheels.  The 
engine  is  made  with  outside  cylinders,  and  the  cylin^ 
ders  are  raised  somewhat  out  of  the  horizontal  line  to 
enable  them  better  to  clear  the  leading  wheels. 

656.  Q. —  What  are  the  dimensions  of  the  boiler? 
A»  —  The  interior  of  the  fire  box  is  3  feet  7^  inches 

wide  by  3  feet  5^  inches  long,  measuring  in  the  direc- 
tion of  the  rails.  The  area  of  the  fire  grate  is  conse- 
quently 12*4  square  feet.  The  bars  are  somewhat 
lower  on  the  side  next  the  fire  door  than  at  the  side 
next  the  tubes,  and  the  mean  height  of  the  crown  of 
the  fire  box  above  the  bars  is  3  feet  10  inches.  The 
top  edge  of  the  fire  door  is  about  7  inches  lower  than 
the  crown  of  the  fire  box.  The  fire  box  is  divided 
transversely  by  a  corrugated  feather  or  bridge  of  plate 
iron,  containing  water,  about  3^  inches  wide,  and  of 
about  one-third  of  the  height  of  the  fire  box  in  the 
centre  of  the  feather,  and  about  two-thirds  the  height 
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of  the  fire  box  -at  the  sides  where  it  joins  the  sides  of 
the  fire  box.  The  internal  shell  of  the  fire  box  tapers 
somewhat  upwards  to  facilitate  the  disengagement  of 
the  steam.  It  is  about  2  inches  narrower  and  shorter 
at  the  top  than  at  the  bottom;  the  water  space  between 
the  external  and  internal  shell  of  the  fire  box  being  2 
inches  at  the  bottom  and  3  inches  at  the  top. 

667.  Q.  —  Of  what  material  is  the  fire  box  com- 
posed? 

A.  — The  external  shell  of  the  fire  box  is  formed  of 
iron  plates  fths  of  an  inch  thick,  and  the  internal 
shell  is  formed  of  copper  plates  ^  inch  thick,  but  the 
tube  plate  is  f  inch  thick.  The  fire  grate  is  rectaji- 
gular,  and  the  internal  and  external  shells  are  tied 
together  by  iron  stay  bolts  \  inch  diameter,  and 
pitched  about  4  inches  apart.  The  roof  of  the  fire 
box  is  stiffened  by  six  strong  bars  extending  from 
side  to  side  of  the  fire  box  like  beams,  and  the  top  of 
the  fire  box  is  secured  to  these  bars,  so  that  it  cannot 
be  forced  down  without  breaking  or  bending  them. 

658.  Q.  —  What  are  the  dimensions  of  the  barrel 
of  the  boiler  ? 

^.  —  The  barrel  of  the  bpiler  is  3  feet  7^  inches  in 
diameter,  and  10  feet  long.  It  is  formed  of  iron  plates 
•|ths  of  an  inch  thick,  riveted  together.  It  is  furnished 
with  181  brass  tubes  \\  inch  diameter  and  10  feet 
long,  secured  at  the  ends  by  ferules.  The  tube  plate 
at  the  smoke  box  end  is  fths  of  an  inch  thick,  and  the 
tube  plates  above  the  tubes  are  tied  together  by  eight 
iron  rods  -^ths  of  an  inch  thick,  extending  from  end  to 
end  of  the  boiler.  The  metal  of  the  tubes  is  somewhat 
thicker  at  the  end  next  the  fire,  being  13  wire  gaage 
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at  fire  box  end,  and  14  wire  gauge  at  smoke  box  end. 
The  rivets  of  the  boiler  are  }  inch  diameter  and  1  j 
inch  pitch.  The  plating  of  the  ash  pan  is  -^ths  of 
an  inch  thick,  and  the  plating  of  the  smoke  box  is 
•^ths  of  an  inch  thick. 

659.  Q.  —  Will  you  describe  the  structure  of  the 
framework  on  which  the  boiler  and  its  attachments 
rest,  and  in  which  the  wheels  are  set  ? 

A.  —  The  framework  or  framing  consists  of  a  rect- 
angular structure  of  plate  iron  circumscribing  the 
boiler,  with  projecting  lugs  or  arms  for  the  reception 
of  the  axles  of  the  wheels.  In  this  engine  the  sides 
of  the  rectangle  are  double,  or,  as  far  as  regards  the 
sides,  there  are  virtually  two  framings,  one  for  the 
reception  of  the  driving  axles,  and  the  other  for  the 
reception  of  the  axles  not  connected  with  the  engine. 
The  whole  of  the  parts  of  the  outer  and  inner  framings 
are  connected  together  by  knees  at  the  comers,  and 
the  double  sides  are  elsewhere  connected  by  interven* 
ing  brackets  and  stays,  so  as  to  constitute  the  whole 
into  one  rigid  structure.  The  whole  of  the  plating  of 
the  inside  frame  is  f  inches  thick  and  9  inches  deep. 
The  plating  of  the  outside  frame  is  of  the  same  thick- 
ness and  depth  at  the  fore  part,  until  it  reaches  abaft 
the  position  of  the  cylinders  and  guides,  where  it 
reduces  to  ^  inch  thick.  The  axle  guard  of  the  lead- 
ing wheels  is  formed  of  }  plate  bolted  to  the  frame 
with  angle  iron  guides.  The  axle  guards  of  the  trail- 
ing wheels  are  formed  of  two  •)■  inch  plates,  with  cast 
iron  blocks  between  them  to  serve  as  guides.  The 
ends  of  the  rectangular  frame  are  formed  of  plates  \ 
thick,  and  at  the  front  end  there  is  a  buffer  beam  oi 

OG 
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oak  4^  inches  thick  and  15  inches  deep.  The  dhiw 
bolt  is  2  inches  diameter.  There  are  two  st^ng  stays 
on  each  side,  joining  the  barrel  of  the  boiler  to  the  in- 
side framing,  and  one  angle  iron  on  each  side  joining 
the  bottom  of  the  smoke  box  to  the  inside  Iniming. 

660.  Q.-^  Of  what  constmction  are  the  wbeek  ? 
A. —  The  wheels  and  axles  are  of  wrought  iron, 

and  the  tires  of  the  wheels  are  of  steel.  The  driving 
wheels  are  6  feet  6|  inches  in  diameter,  and  the  dia- 
meter of  crank  pin  is  3^  inches.  The  diameter  of  the 
smaller  wheels  is  48^  inches*  The  axle  boxes  are  of 
cast  iron  with  bushes  of  Fenton's  mdtal^  and  the  lead- 
ing axle  has  fonr  bearings.  The  i^rings  are  formed 
of  steel  plates,  3  feet  long,  4  inches  broad,  and  \  inch 
thick.  The  axle  of  the  driving  wheel  has  two  ecoen- 
tries,  forged  solid  upon  it,  for  working  the  pumpe. 

661.  Q. —  Will  yon  specify  the  dimensiona  of  the 
principal  parts  of  the  engine  ? 

A— iSach  of  the  cylinders,  which  is  14^  luch^f' 
diameter,  has  the  valve  casing  cast  upon  it.  Tlie 
steam  ports  are  13  inches  long  and  If  inches  broad, 
and  the  exhaust  port  is  2^  inches  broad.  The  travel 
of  the  valve  is  4^  inches,  the  lap  1  inch,  and  the  lead 
\  inch*  The  piston  is  4  inches  thick:  its  bodj  is 
formed  of  brass  with  a  cover  of  cast  iron^  and  between 
the  body  and  the  cover  two  flanges,  forged  on  the 
piston  rod,  ^re  introduced  to  communicate  the  push 
and  pull  of  the  piston  to  llie  rod.  The  piston  rod  is 
of  iron,  2|-  inches  diametef.  The  guide  ban  for 
guiding  the  top  of  the  piston  rod  are  of  steel,  4  inches 
broad,  fixed  to  rib  iW)n  bearers,  with  hard  wood  ^  of 
an  inch  thick,  interposed.    The  connecting  rod  is  6 
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feet  long  between  the  centres,  and  is  fitted  with  bashes 
of  white  metaL  Tho  eccentrics  are  formed  of  wrought 
iron,  and  have  4f  inches  of  throw.  The  link  of  the 
link  motion  is  formed  of  wrought  iron.  It  is  hung 
by  a  link  from  a  pin  attached  to  the  framing ;  and  in- 
stead of  being  susceptible  of  upward  and  downward 
motion,  as  in  the  case  of  the  link  represented  in  ^. 
61.,  a  rod  connecting  the  valve  rod  with  the  movable 
block  in  the  link,  is  susceptible  of  this  motion,  whereby 
the  same  result  is  arrived  at  as  if  the  link  were  moved 
and  the  block  was  stationary.  One  or  the  other  ex- 
pedient is  preferable,  according  to  the  general  nature 
of  the  arrangements  adopted.  The  slide  ralve  is  of 
brass,  and  the  regulator  consists  of  two  brass  slide 
valves  worked  over  ports  in  a  chest  in  the  steam  pipe, 
set  in  the  smoke  box.  The  steam  pipe  is  of  brass, 
No.  14.  wire  gauge,  perforated  within  the  boiler  barrel 
with  holes  -j-V^^  ^^  ^^  ^°c^  ^^  diameter  along  its  upper 
side.  The  blast  pipe,  which  is  of  copper,  has  an  ori- 
fice of  4^  inches  diameter.  There  is  a  damper,  formed 
like  a  Venetian  blind,  with  the  plates  running  athwart, 
ships  at  the  end  of  the  tubes. 

662.  Q. — Of  what  construction  is  the  safety  valve  ? 
A. —  There  are  two  safety  valves,  consisting  of 

pistons  1-^  inch  in  diameter,  and  which  are  kept 
down  by  spiral  springs  placed  immediately  over  them. 
A  section  of  this  valve  is  given  in^.  62. 

663.  Q.^  What  are  the  dimensions  of  the  feed 
pumps? 

A.  —  The  feed  pumps  are  of  brass,  with  plungers  4 
inches  diameter  and  3^  inches  stroke.  The  feed  pipe 
is  of  copper,  2  inches  diameter.    A  good  deal  of 
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trouble  has  been  experienced  in  locomotives  from  the 
defective  action  of  the  feed  pump,  partly  caused  by 
the  leakage  of  steam  into  the  pumps,  which  prevented 
the  water  from  entering  them,  and  partly  from  the 
return  of  a  large  part  of  the  water  through  the  valves 
at  the  return  stroke  of  the  pump,  in  consequence  of 
the  valve  lifting  too  high.  The  pet  cock  —  a  small 
cock  communicating  with  the  interior  of  the  pump  — 
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will  allow  any  steam  to  escape  which  gains  admission, 
and  the  air  which  enters  hy  the  cock  cools  down  the 
barrel  of  the  pump,  so  that  in  a  short  time  it  will  be 
in  a  condition  to  draw.  The  most  ordinary  species  of 
valve  in  the  feed  pumps  of  locomotives,  is  the  ball 
valve  represented  in^.  63.,  in  which  the  lift  is  much 
less  than  was  at  one  time  usuaL  Ftg,  63.  is  a  section 
of  a  feed  pump,  shovnng  the  ball  valves  and  plunger 

Notwithstanding  the  excellent  performance  of  tbe 
best  examples  of  locomotive  engines,  it  is  quite 
certain  that  there  is  still  much  room  for  improvement ; 
and  indeed  various  sources  of  economy  are  at  present 
visible,  which,  if  properly  developed,  would  materially 
reduce  the  expense  of  the  locomotive  power*  In  all 
engines  the  great  source  of  expense  is  the  fuel ;  and 
although  the  consumption  of  fuel  has  been  greatly 
reduced  within  the  last  ten  or  fifteen  years,  it  is 
capable  of  being  still  further  reduced  by  certain  easy 
expedients  of  improvement,  which  therefore  it  is  im- 
portant should  be  universally  applied.  One  of  these 
expedients  consists  in  heating  the  feed  water  by  the 
waste  steam;  and  the  feed  water  should  in  every 
case  be  sent  into  the  boiler  bailing  hoiy  instead  of 
being  quite  cold,  as  is  at  present  generally  the  case. 
The  ports  of  the  cylinders  should  be  as  large  as 
possible;  the  expansion  of  the  steam  should  be 
carried,  to  a  greater  extent;  and  in  the  case  of  engines 
with  outside  cylinders,  the  waste  steam  should  circu- 
late entirely  round  the  cylinders  before  escaping  by 
the  blast  pipe.  The  escape  of  heat  from  the  boiler 
should  be  more  carefully  prevented  ;  and  the  engine 
should  be  balanced  by  weights  on  the  wheels,  to 
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obviate  m  waste  of  powar  by*  yawing  on  the  rula. 
The  meet  important  expedient  of  all,  bowever,  lies  in 
the  establishment  of  a  system  of  re^teriag  the  per- 
formance of  all  new  engines^  in  order  that  oompetition 
may  stimulate  the  different  oraistvactors  to  the  attain^ 
BMat  of  the  utmost  possible  economy ;  and  under  tiie 
stimulus  of  comparison  and  notoriety^  a  large  measure 
of  improvement  would  speedily  ensue.  The  benefits 
eonsequent  on  publie  competition,  are  abundantly 
illustrated  by  the  rapid  diminution  of  the  consump- 
tion of  fuel  in  the  case  of  agricultural  engines,  when 
this  stimulus  was  presented.  The  particulars  of  the 
performance  of  these  engines  are  detailed  in  the  fol* 
lovring  chapter. 
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locomotive,  and  which  may  bo  drawn  by  horses  from 
place  to  place ;  and  fixed  engines,  which  are  set  up 
where  there  is  constant  work  to  do.  Many  of  the 
fixed  engines  are  excellent  examples  of  the  kind  of 
engine  suitable  for  driving  manufactories,  and  a  de- 
scription of  these  engines,  therefore,  will  be  under- 
stood as  constituting  a  description  of  the  kind  of 
engines  suitable  for  manufactories  and  mills. 

665.  Q.  —  Will  you  describe  the  main  features  of 
the  portable  engine  ? 

A.  —  The  portable  agricultural  engines  of  the  prin- 
cipal makers  of  that  species  of  engine,  are  in  all  their 
main  features  similar  to  one  another.  They  aU  con- 
sist of  a  boiler  with  an  internal  fire  box,  and  hori- 
zontal tube^  resembling  very  much  a  locomotive 
boiler,  and  on  the  top  of  the  boiler  a  cylinder  is  fixed 
with  the  connecting  rod  attached  to  the  end  of  the 
piston  rod,  as  in  a  locomotive,  and  the  connecting  rotl 
turns  the  crank  of  a  shaft  extending  across  the  top  of 
the  boiler,  on  which  shaft  pulleys  are  placed  to  csom- 
municate  the  motion  of  the  engine  by  means  of  belts 
to  any  mechanism  which  requires  to  be  driven.  In 
the  subordinate  features  of  each  engine,  however, 
there  are  differences  which  render  any  one  engine 
more  or  less  eligible  than  the  rest.  Fig,  64.  repre- 
sents the  portable  agricultural  engine  of  Messrs.  Ban- 
somes  and  Sims. 

^^^.  Q. —  What  are  the  distinctive  features  of  this 
engine  ? 

A, — The  engine  proper  is  mounted  upon  the  top 
of  the  boiler,  and  is  in  all  its  parts  of  the  simplest 
character,  the  various  details  having  been  matured 
by  the  fruits  of  a  long  experience  under  all  kinds  of 
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tied  to  the  crank  shaft  brackets  bj  connectmg  tie 
bolts,  and  which  take  the  strain  off  the  bolts  con- 
necting the  bracket  with  the  boiler ;  the  fore-axle  is 
connected  to  the  boiler  bj  means  of  a  hemispherical 
locking-gear^  which  allows  of  the  boiler  always  rest- 
ing upon  thr^  pointSc 

For  a  portable  ei^fine  the  size  of  the  boiler  is 
limited  bj  the  ^ndltios^  that  the  engine  must  be 
easily  movable  from  place  to  place,  and  Messrs.  Ban- 
somes*  engines  give  ^  with  a  pressure  of  60  lbs.  per 
square,  inch  in  the  b^er»  about  double  their  noaxinal 
power»  as  measure^  hj  the  dTuamomeler.  This  is 
accomplished  bj  working  the  piston  at  a  quick  speedy 
whereby  large  powejr  ia  reconciled  with  moderate 
dimensions  and  smi^l  weight  These  pcnrtable  en- 
gines are  manufactured  upon  a  uniform  system,  from 
d-hprse  power  to  20<')ierse  power,  nominal  power%  and 
Iiave  long  been  honourably  distinguished  for  the  fidih- 
fulness  of  their  coaatruction,  and  the  intelligence 
which  has  presided  orer  all  the  arrangement. 

Messrs.  Ransomes  and  Sims'  fixed  engine  is  repre- 
sented at  page  477.  Their  8-horse  power  fixed  engine 
has,  on  several  occasions,  taken  the  first  prise  of  the 
Royal  Agricultural  Society  of  England.  It  was 
supplied  with  steam  from  a  portable  boiler  belonging 
to  the  Society ;  and  as  this  boiler  was  not  the  most 
economical,  the  result  in  the  consumption  of  fuel, 
which  was  6  lbs.  per  horse  power  per  hour,  can  only 
be  taken  as  compared  with  engines  tried  with  the 
same  boiler  and  under  the  same  circumstances. 

667.  Q. — Will  you  describe  the  portable  agricul- 
tural engines  of  Messrs.  Clayton  and  Shuttleworth  ? 
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Shuttle  worth  state,  that  the  clumsy  ami 
dangerous  boilera  put  into  the  hands  of 
farmers  up  to  1845,  at  that  time  attracted 
their  attention  from  the  Dumber  of  acd- 
dents  arisiug  in  consequence  of  such  de- 
fects ;  and  the  machinery  waa  altogetber 
so  precarious,  that  it  waa  unsafe  for  any 
but  an  experienced  man  to  be  trnsted 
with  its  cugtodjj  thus  rendering  it  zs 
much  an  incumbrance  as  b  benefit  to 
the   farmer-     In  1849  they  entered  iatc 
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competition  with  other  makers  at  the  Norwich  show 
of  the  Bojal  Agricultural  Society,  and  obtained  the 
second  prize  of  26/.,  since  which  time  the  number  of 
prizes  they  have  taken,  and  the  quantity  of  engines 
thej  have  sold  and  delivered,  attest  the  high  opinion 
in  which  their  engines  are  held  both  hj  the  judges 
of  the  Royal  Agricultural  Society  and  the  general 
public  These  makers  state,  that  up  to  1864  they 
have  manufactured  nearly  seven  thaueand  steam  en* 
gines,  of  which  they  manufactured  664,  of  5520  col- 
lective horses  power,  in  1864. 

The  following  tabular  statement  of  the  duty  done 
at  various  epochs,  shows  that  there  has  been  a  gradual 
increase  in  the  efficiency  of  these  engines,  owing  to 
improvements  from  time  to  time  introduced.  Since 
1855  the  consumption  has  been  still  further  reduced, 
and  some  portable  engines  have  worked  with  as  little 
as  3i  lbs.  of  coal  per  actual  horse  power. 
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In  one  of  these  figures  the  cylinder  is 
represented  ba  being  eet  at  the  fire  box 
ond  of  the  boilerj  but  in  the  more  recent 
examples  of  their  engines  it  is  set  In 
the  smoke  box  at  the  foot  of  the  cbiui- 
ney.  The  cylinder  is  surrounded  by  a 
Bteani  jacket,  which  is  kept  at  the  tem- 
perature of  400"  by  the  escaping  smoke, 

668.  Q.  —  Will  yoQ  describe  M^stb. 
Crosskill's  portable  engine  ? 

A.  —  This  engint?!,  whic  h  is  iet  cm 

Ftg.  67. 
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four  wooden  wheels,  is  represented  in  fig.  67.  A  re- 
gulator, with  a  handle  resembling  those  used  in  loco- 
motites^  lets  the  steatn  into  tlte  cylinder,  which  lies 
on  the  top  of  the  fire  bo:r.  The  <erank  shaft  lies  across 
the  barrel  of  the  boilet  a;t  %he  chimney  end,  and  the 
general  arrangements  of  the  engine^  which  will  be 
obvioas  from  the  figure,  nearly  resemble  those  of  some 
of  the  engines  already  described, 

669.  Q.  — /Will  you  describe  the  portable  engine  of 
Messrs.  GrarrettMid  Son? 

A. — The  porHable  engine  of  Messrs.  Garrett  and 
Son  does  not  di^t  much  from  the  best  forms  of  the 
other  makers.  They  however  balance  the  momentum 
of  the  piston  and  its  connections  by  casting  a  weight 
upon  the  fiy-wheel ;  and  besides  the  ordinary  safety 
valve  and  lever  with  a  spring  balance,  fitted  in  other 
engines,  they  introduce  «  second  safety  valve  imme- 
diately pressed  down  by  a  strong  spiral  spring.  The 
valve  casing  is  cast  upon  the  cylinder,  instead  of 
being  jointed  thereto  in  the  usual  manner,  and  the  feed 
pump  is  fitted  "with  double  delivery  valves.  Latterly, 
Messrs.  Oarrett  and  Son's  portable  engines  have  been 
much  empltiyed  for  steam  ploughing  under  an  ar- 
rangement described  in  the  Introduction.  Messrs. 
Garrett  and  Son  state  that  the  bearings  ttt»d  other 
rubbing  surfaces  of  their  eligines  li«  made  large  to 
reduce  the  wear ;  that  they  use  wrought  iron  in  pre- 
ference to  cast,  whenever  it  is  possible  to  do  so ;  that 
the  carriage  of  their  engine  is  of  wrought  iron,  and  that 
a  tank  is  attached  to  it,  to  obviate  the  necessity  of 
carrying  «  tub  about  with  the  engine  from  place  to 
place.     The  cylinder  is  provided  with  a  steam  jacket. 
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an  arrangement  which  has  been  foand  advantageona 
in  all  casesy  but  more  especially  in  those  in  which 
expansive  action  of  the  steam  is  employed.  A  repre- 
sentation of  these  engines  is  given  in  fig.  68. ;  and 
Messrs.  Garrett  and  Son  state,  that  besides  an  ex- 
tensive home  trade,  they  export  large  numbers  of  en- 
gines to  Australia,  Hungary,  India,  and  other  places^ 


GAmmm  aho  Son's  Pobtasli  Aorici<ltural  Bmcink. 

and  that  they  were  engaged  by  the  government  to 
construct  road  locomotives  for  the  Crimea,  Messrs. 
Garrett  are  also  extensive  manufacturers  of  fixed 
engines.    Their  fixed  engine  is  constructed  with  an 
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inverted  cylinder  on  a  cylindrical  column^  which  con- 
tains all  the  working  parts, — ^the  fly  wheel  shaft  being 
placed  below. 

670*  Q,  —  Wlmt  other  engines 
of  this  daas  have  you  to  enume- 
rate ? 

A.  —  The  portable  engine  of 
Messrs.  Bach  and  Co.  ia  repre- 
sented In  Jfff.  69,,  that  of  Messrs. 
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E.  R.  and  F.  Turner  in  fig,  70^  and  that  of  Messrs. 
Hornsbj  and  Son  vafig.  71. 


Fii,  70. 


671.  Q.  —  Will  70U  describe    Messrs.    Tamer's 
engine  ? 
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and  Andrewes'  engine,  as  recited  at  page  499,  and  the 
figures  there  given  may  be  taken  as  representing  the 
average  performances  of  portable  agricultaral  en« 
gines  of  good  construction  at  the  present  time.  In 
the  smaller  class  of  engines  the  performance  will  be 
somewhat  inferior  to  what  it  is  in  the  larger ;  and 
the  result,  therefore,  will  not  be  precisely  the  same  as 
is  given  in  the  table,  where  the  comparative  efficacj 
of  all  the  classes  is  set  down  as  the  same.  The  best 
modern  engines  will  work  with  a  rather  larger  maxi- 
mum efficiency. 

672.  Q. — Will  you  describe  the  portable  engine  of 
Messrs.  Hornsby  and  Son  ? 

A. — ^This  engine  appears  to  be  fully  as  efficient,  as 
regards  economy  of  fuel,  as  any  portable  engine  yet 
manufactured ;  a  distinction  which  it  probably  in  a 
great  measure  owes  to  the  situation  of  the  cylinder, 
which  is  placed  within  the  boiler.  An  8  horse  power 
engine  of  these  makers  weighs  58  cwt.,  and  bums 
very  little  over  4  lbs.  of  coal  per  horse  power  per  hoar, 
and  in  some  cases  the  consumption  has  been  as  low 
as  3^  lbs.  per  actual  horse  power  per  hour.  Messrs 
Hornsby  have  obtained  more  prizes  for  their  engines 
probably  than  any  other  makers;  and  in  the  great 
exhibitions  of  1851  and  1862,  the  Paris  Exhibition 
of  1855,  and  the  Hamburgh  Exhibition  of  1863,  they 
obtained  prize  medals.  A  portable  engine  of  the  form 
manufactured  by  Messrs.  Gardiner  and  Mackintosh 
of  New  Cross,  London,  is  represented  in^.  73. 

633.  Q. — ^Will  you  describe  the  portable  agricul- 
tural engine  of  Messrs.  Tuxford  and  Sons  ? 

A. — In    this    engine,   which    is   represented  in 
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^,  72,  the  luacliHiDrjr,  iostead 
of  being  disposed  upon  the  top 
of  the  boiler,  is  arranged  in 
a  sheet  iron  chamber  at  the 
end  of  the  boiler.  The  cylinder 
13  vertical.  The  advantagei 
claimed  for  tlm  species  of  en- 
gine arej  that  the 
parts  being  situated  not  on  the 
ontslde  of  the  boiler,   but  in 


-— ^^^c^t=^^^^JJ 


TVZfOmO  AND  SOHS'  POBTABLB  AGRICI'LTUKAL  KhCIKI. 


TI7XF0RD  AND  SONS'  PORTABLE 

a  sheet  iron  box,  which  maj  be  lock 
liable  than  common  engines  to  be  inji 
rain,  or  to  be  damaged  bj  meddling  sf 


Gardinek  and  Macintosh's  Poktablb 


theft  of  the  brass  work.     It  is  also 
the  cylinder,  from  being  vertical,  is 
wear  oval   as   in  engines   where  tl 
on  its  side. 

674.   Q  — Will    you    describe    th 
adopted  in  Mr.  Burrell^s  engine  ? 
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A.  —  This  enginey  which  is  represented  in^.  74., 
is  a  simple  and  well  proportioned  engine,  with  the 
cylinder  arranged  on  the  top  of  the  boiler,  as  is  the 


prevailing  practice  in  engines  of  this  class.  The 
engine  is  fitted  with  a  hot  water  cistern,  bj  the  use 
of  which,  in  connection  with  other  improyemonts.  a 
considerable  saying  of  fuel  is  obtained. 
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675.  Q* — What  otLer  portable 
agricuhural  engines  are  there 
which  appear  to  you  to  merit  de- 
scription ? 

A. — There  is  the  engine  of 
Messrs,  Bnrrett,  Exall,  and  An- 
dre wes,  represented  in_/?j^.  75,,  and 
which  is  &  highly  efficient  and 
well  contrived  engine-  In  this 
engine  the  cylinder  is  set  upon 
the  boiler,  and  the  saddle  by  which 
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the  cylinder  is  attached  to  the  boiler  is  formed  into  a 
steam  chest,  which  both  helps  to  keep  the  cjlinder 
hot  and  to  obviate  priming.  In  an  engine  constructed 
upon  this  plan,  any  ice  which  zpay  form  within  the 
engine  in  winter  when  it  is  not  at  work,  is  gradually 
thawed  and  dissolved  out  as  the  steam  is  got  up,  so 
that  there  will  be  no  impediment  to  the  engine  being 
started  when  the  steam  has  attained  a  sufficient  elas- 
ticity. Most  of  the  other  makers  have  suitable  pro- 
visions for  insuring  the  same  result.  The  main 
incidents  of  the  performance  of  Messrs.  Barrett,  Exalt, 
and  Andrewes'  engine,  as  ascertained  by  the  maki^rs, 
are  given  in  page  499.  .  Messrs.  Barrett  and  Co. 
claim  to  have  reduced  the  weight  of  the  portable  en- 
gine considerably.  The  boiler  and  cylinder  are 
covered  with  hair  felt  and  wood  lagging  to  prevent 
any  undue  dispersion  of  the  heat,  and  each  engine  is 
fitted  with  safety  valve,  governor,  water  gauge,  two 
gauge  cocks,  blow  off  cock  and  mud  holes,  ash  pan, 
damper,  drag  shoe,  stoking  tools,  flue  brush,  and  water- 
proof cover.  In  Mr.  Batley's  engine  the  cylinder  is  also 
set  in  the  smoke  box  at  the  foot  of  the  chimney,  and  the 
general  arrangements  are  very  simple  and  compact. 
In  Mr.  Butlin's  engine  there  is  a  steam  dome  above  the 
fire  box,  to  the  side  of  which  the  end  of  the  cylinder  is 
attached,  so  that  the  cylinder  lies  in  a  horizontal  line 
a  little  above  the  highest  part  of  the  barrel  of  the 
boiler.  There  are  several  other  makers  of  portable 
agricultural  engines,  which  have  produced  engines  of 
a  very  efiicient  character  ;  but  any  recent  feature  of 
importance  is  noticed  in  the  Introduction. 
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break — and  can  be  obtained  for  leas  money— it 
reqairea  no  great  penetration  to  foresee  that  a  vast 
field  will  be  opened  to  their  skill  and  enterprise,  which, 
but  for  the  stimulus  of  competition^  would  never  have 
been  available.  The  main  condition  of  exemption 
from  break-downs  lies  in  making  the  parts  of  what 
maj  be  considered  very  superfluous  strength.  Heat- 
ing of  the  bearings  is  to  be  prevented  by  large 
surfaces  and  good  fitting.  Economy  of  fuel  is  to  be 
obtained  by  constructing  the  valves  with  much  lap 
and  lead,  and  throttling  the  steam  by  the  governor ; 
by  working  with  a  high  pressure  of  steam,  and  giving 
little  of  it;  by  keeping  the  cylinder  and  boiler  very 
hot,  and  by  heating  the  feed  water  by  the  waste 
steam  or  smoke  to  the  boiling  point  before  sending  it 
into  the  boiler.  The  fire  grate  should  not  be  too 
large,  else  the  heating  surface  of  the  tubes  will  not 
be  so  effective ;  for  if  the  fire  grate  is  large,  the  heat 
being  more  diffused  will  be  less  intense,  and  will  be 
absorbed  in  the  fire  box  with  less  rapidity,  leaving 
consequently  the  tubes  with  more  work  to  do. 

FIXED  AGBICULTURAL  EKGINSS. 

677.  Q.  — Will  you  now  proceed  to  describe  some 
of  the  fixed  agricultural  steam  engines  that  are  most 
commonly  employed  ? 

A.  —  These  engines  are  of  very  various  kinds ;  some 
are  horizontal,  others  beam,  others  oscillating;  then 
there  are  table  engines  with  side  rods,  resembling 
Maudslay's  portable  engine;  there  are  also  upright 
engines,  with  the  cylinder  overhead  working  down  to 
the  crank  below,  and  engines  with  the  cylinder  belovr 
working  up  to  the  crank  overhead. 
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678.  Q.  —  Will  you  indicate  some  of  the  prindpal 


a  i 

forms  of  horizontal  engine  ? 

A.^^Fig.  76.  represents  the    fixed   agricultural 
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type  of  all  fixed  engines  of  these  makers,  from  4 
horses  power  up  to  25  horses  power.  Above  that 
power  they  usaally  place  two  engines  side  by  side 
working  upon  a  single  shaft  with  lly-wheel  between, 
and  a  crank  at  each  end  set  at  right  angles  to  each 
other.  In  the  sizes  above  12  horses  power,  Messrs. 
Ransomes  always  fit  their  engines  with  a  separate 
slide  valve,  so  as  to  cut  off  the  steam  where  required, 
and  lower  powers  are  also  thus  fitted  when  variable 
work  has  to  be  performed.  The  fixed  horizontal 
engine  of  Messrs.  Clayton  and  Shuttleworth,  repre- 
sented ia^.  77.,  bears  a  near  resemblance  in  all 
material  points  to  the  engine  just  described;  and  the 
same  remark  applies  to  the  fixed  horizontal  engine  of 
Messrs.  E.  R.  and  F.  Turner,  which  is  represented  in 
fiff.  78.  Any  points  of  deviation  in  the  constructive 
arrangements  of  these  engines  will  be  made  apparent 
by  a  comparison  of  the  respective  figures. 

679.  Q. — Will  you  describe  the  fixed  engine  of 
Messrs.  Barrett,  Exall,  and  Andrewes  ? 

A. — Fig,  79.  is  a  representation  of  Barrett,  Exall, 
and  Andrewes'  fixed  engine,  and  it  is  of  the  s&me 
type  as  some  'of  those  already  described.  The 
cylinder  lies  on  its  side  on  a  strong  bed-plate  of  cast 
iron,  on  which  brackets  are  cast  for  sustaining  tbe 
shaft  plummer  blocks.  Tbe  crank  is  a  double  one, 
and  is  formed  in  one  piece  with  the  shaft.  The  slide 
valve,  which  lies  on  the*  further  side  of  the  cylinder, 
and  is,  therefore,  not  seen  in  the  figure,  is  worked  by 
an  eccentric  on  the  shaft,  and  another  eccentric,  on 
the  side  of  the  crank  nearest  the  spectator,  gives 
motion  to  the  feed  pump. 
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680.  Q. — What  is  the  construction  of  Uornsby  and 
Sou's  fixed  engine  ? 

A. — ^It  resembles  the  horizontal  engines  already 
described,  as  will  be  seen  bj  a  reference  to  Jig.  80., 
which  is  a  representation  of  that  engine.  The 
working  parts,  few  in  number,  are  easy  of  access 
for  lubrication  or  adjustment  The  engines  are  made 
with  a  centre  crank,  bj  which  the  oscillation  of  the 
shaft,  and  wear  of  the  bearings,  are  reduced  to  the 
lowest  point ;  and  the  shaft  is  made  sufficiently  long 
for  fixing  the  lly-wheel  on  either  side,  or  a  pulley  for 
a  slower  speed.  The  cylinder  and  valves  are  cased 
in  a  plate-iron  steam  jacket,  which  forms  a  heating 
surface  around  them.  The  piston  is  metallic.  Tbe 
slide-bars,  pins,  nuts,  and  eyes  are  case-hardened,  and 
wrought-iron  is  used  wherever  practicable.  The 
engines  of  these  makers  are  supplied  with  cylindrical 
Cornish  boilers  of  suitable  size  and  strength.  In  all 
engines  of  this  class  intended  to  run  at  a  high  speed 
it  is  very  advisable  to  have  the  crank  double,  as 
in  Messrs.  Homsby's  engine,  and  also  to  make  the 
wearing  surfaces  large,  and  to  balance  the  momentum 
by  a  revolving  weight  at  the  cranks. 

681.  Q. — What  is  the  construction  of  the  table 
engine  ? 

A. — ^In  the  table  engine  the  cylinder  stands  on  a 
frame  formed  with  four  legs  like  a  table.  There  is  a 
cross  head  moving  in  guides,  attached  to  the  top  of  the 
piston  rod,  and  from  the  ends  of  this  cross  head  two  side 
rods  proceed  to  a  similar  cross  head — or  cross  tail,  as 
it  is  called — ^lying  beneath  the  cylinder,  and  from  the 
centre  of  which  a  short  connecting  rod  proceeds  to  the 
1X2 
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crank.  The  side  rods,  cross  tail,  and  short  connecting 
rod,  form  together  a  great  forked  connecting  rod,  of 
which  the  upper  end  is  attached  to  the  cross  head,  and 

Pig.  81. 


TuzpoRD  AND  SoMB*   1  AUL£  £ngimb.       18  honet  power. 

the  lower  to  the  crank.  This  is  a  species  of  engine, 
which  was  at  one  time  much  used  for  driving  factories, 
and  for  such  miscellaneous  purposes  as  require  a 
small  power  set  in  a  small  space  \  but  it  is  now  super* 
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seded  by  other  engines  of  equal  compactness  and 
greater  simplicity  of  construction.  The  table  engine 
of  Messrs.  Tuxford  and  Sons  is  represented  in^.  81., 
and  it  is  a  favourable  example  of  etigines  of  that  class. 
An  engine  of  a  class  similar  to  the  table  engine,  is 
represented  in^.  82.    This  engine  is  made  with  a 


TvzFomo  AMD  Sons*  DOUBLE  Sios  RoD  BNOim.      6  bortM  power. 

cross  head,  as  in  the  table  engine,  but  the  side  rods 
are  guided  on  their  lower  ends  by  guides  on  the  sides 
of  the  cylinder^  and  from  the  lower  ends  of  these  side 
rods,  other  side  rods — or  they  might  be  termed  con- 
necting rods — ^proceed  to  the  crank,  and  put  it  into 
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revolution.  The  length  of  the  crank  pitf  by  this 
arrangement  exceeds  the  diameter  of  the  cylinder. 
This  kind  of  engine,  though  simpler  than  the  table 
engine,  is  not  so  simple  as  the  oscillating  engine, 
though  it  has  advantage  over  it  in  some  respects. 


TuxPOBD  AND  Sons'  0>icillatin»  Bnoinb.       4  horses  power. 

682.  Q. — Will  you  describe  the  arrangement  of 
itinir  enffine  used  for  affricultural  Durnoses  ? 


682.  Q. — Will  you  describe  the  arrangemei 
oscillating  engine  used  for  agricultural  purposes  ? 

A.  —  Fig,  83.  represents  the  oscillating  engiu 
Messrs.  Tuxford,  and  ^.  84.  represents  CrosskiU's 
oscillating  engine.    In  most  of  these  small  engines  tho 
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▼alve  is  worked  by  the  oscillation  of  tlie  cylinder; 
but  one  detriment  of  that  arrangement  is,  that  the 

Fig,  84. 


Croukill's  Chcillating  Enqimb. 

proper  degree  of  lead  is  not  given,  and  it  appears  pre- 
ferable to  employ  an  eccentric  in  all  cases  in  which 
the  engine  is  run  at  a  high  rate  of  speed. 

683.   Q. — Will  you  now  describe  some  of  the 
varieties  of  vertical  engines  ? 


488  Benson's  vertical  engine. 
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A, Fig.  85.,  whicli  is  a  representation  of  Benson's 

fixed  rotative  engine,  is  an  engine  of  this  character. 


Nabmytu's  Kotatiyk  Bnoinb. 


The  cylinder,  with  the  piston  rod  proceeding  from  its 
upper  part,  is  set  upon  a  sole  plate  of  cast  iron,  and  the 
end  of  the  piston  rod,  which  is  attached  to  the  con- 
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hecting  rod  moves  in  an  eye*  The  connecting  rod  is 
forked,  and  the  fly-wheel  shaft  is  supported  on  the 
top  of  a  stout  cast  iron  colnmn^  and  drives  the 
governor  by  oblique  gearing.  The  woodcut  will 
enable  the  general  features  of  the  engine  to  be  easily 
understood.  Another  species  of  vertical  engine  is 
given  in^;^.  86.,  which  represents  Nasmyth's  variety 
of  inverted  engine.  This  engine  in  its  general  ar<* 
rangement  Tcsembles  that  of  his  steam  hammer^  only 
that  it  is  provided  with  a  crank  and  fly-wheel,  of 
which  the  steam  hammer  is,  of  course,  destitute.  This 
is  a  cheap  and  simple  species  of  engine ;  it  stands  in 
little  room,  is  very  strong,  and  acts  well. 

684.  Q. — Will  you  give  another  example  of  an 
engine  with  the  crank  aloft  and  the  cylinder  below  ? 

A, — An  engine  of  this  kind  is  represented  in^.87., 
which  is  the  engine  of  Messrs.  Ferrabee  of  Stroud. 
The  crank  shaft  is  laid  across  the  top  of  a  strong 
hollow  pillar,  out  of  which  a  hole  is  mortised  to  allow 
the  fly  wheel  to  revolve.  The  cylinder  is  bolted  to  the 
bottom  of  the  same  pillar.  The  slide  valve  is  worked 
by  a  weigh  shaft  The  baise  of  the  column  forms  a 
water  cistern  for  replenishing  the  boiler,  into  which 
the  steam  is  discharged  from  the  cylinder.  The  feed 
pump,  worked  by  an  eccentric  on  the  crank  shaft,  is 
bolted  to  the  base  of  the  column  with  the  supply 
valve  below  the  water  in  the  cistern,  thereby  insuring 
the  action  of  the  pump  when  the  water  is  nearly  at 
boiling  point.  The  engine  is  fitted  with  a  simple  cut 
off  valve  for  working  the  steam  expansively,  thereby 
economising  fuel. 
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685.  Q.  —  What  is  the  usual  price  of  the  fixed 
agricultural  engines? 

A,  —  The  price  per  horse  power  varies  with  the 
size.  A  four  horse  power  engine  costs  from  ZZL  to 
35/.  per  horse  power ;  a  ten  horse  power  engine  from 
22L  to  27/.  per  horse  power ;  and  a  thirty  horse  power 
engine  about  19/.  per  horse  power.  This  price  in- 
cludes boiler. 

686.  Q.  —  For  what  purposes  about  a  farm  are 
steam  engines  principally  used  ? 

A. — For  thrashing  com,  pumping  water,  sawing 
timber,  bruising  oats  or  beans,  chopping  up  haj,  and 
a  number  of  other  similar  purposes.  Sometimes  the 
waste  steam  is  made  use  of  to  cook  the  food  of  cattle, 
and  to  heat  drying  lofts.  Engines  of  some  of  the 
classes  described  are  much  used  by  contractors  for 
pump  water,  mixing  mortar,  moulding  bricks,  hoisting 
stones,  and  performing  other  laborious  tasks,  for  which 
a  considerable  amount  of  power  is  required. 

687.  Q.  —  Has  the  steam  engine  been  applied  to  the 
operation  of  ploughing  ? 

A,  —  It  cannot  be  said  to  hare  been  yet  applied 
practically,  though  experiments  have  been  made 
which  seem  to  indicate  that  such  an  application  is  by 
no  means  impossible.  One  of  the  plans  proposed  is  to 
have  a  locomotive  engine  advancing  slowly  along  the 
opposite  sides  of  a  field,  with  a  chain  passing  across 
the  field  f^om  one  engine  to  the  other.  This  chain  is 
wound  and  unwound  by  each  engine  alternately,  and 
it  carries  with  it  a  plough,  making  any  required 
number  of  cuts.  Another  expedient  is  to  have  re- 
volving ploughshares  set  on  an  axle,  driven  by  a  loco- 
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motive   engine,   which   is    slowly  advanced  by  the 
ploughshares  biting  the  ground,  in  the  manner  a 


steam  vessel  is  propelled  by  paddle  wheels,  lliis  last 
expedient  is  termed  Usher's  steam  plough,  and  it  is 
represented  in^^^r.  88. 


494  usher's  steam  plough. 

688.  Q.  —  Will  you  describe  the  stractiire  aod 
operation  of  Ushers  steam  plough? 

A.  —  The  machine  substantially  consists  of  a  loco- 
motive engine,  with  the  fore  wheels  made  to  swivel,  so 
as  to  guide  the  machine,  while  the  hind  wheels  consist 
of  a  great  drum  stretching  across  beneath  the  engine, 
to  prevent  the  weight  from  sinking  the  machine  too 
deep  in  the  soft  ground.  At  the  end  of  the  engine 
an  axle  runs  across,  from  side  to  side,  carrying  any 
required  number  of  sets  of  revolving  ploughshares, 
and  this  axle  can  be  raised  or  depressed  by  appropriate 
mechanism,  so  as  to  give  the  ploughshares  any  amount 
of  dip  which  may  be  found  expedient  The  axle 
carrying  the  ploughshares  has  its  speed  reduced,  and 
its  force  of  rotation  increased,  by  the  interposition  of 
gearing  between  it  and  the  engine. 

689.  Q. — Describe  the  apparatus  in  greater  detaiL 
A.  —  Referring  to  the  figure,  a  a'  is  the  wheel 

carrying  the  three  ploughshares  t^  ff^\  each  plough- 
share is  preceded  by  a  coulter  or  cutter,  and  a  succes- 
sion of  similar  wheels  and  ploughshares  is  set  upon 
the  axle,  so  that  the  machine  ploughs  its  own  breadth 
at  once.  The  wheels  of  the  fore  carriage  are  lettered 
h  b,  and  /  is  the  great  drum  stretching  across  the 
engine  to  support  the  weight.  This  drum  is  fixed  on 
the  axle  g.  The  cylinder  of  the  engine  is  shown  at  k, 
and  o  is  the  connecting  rod  turning  the  crank.  On 
the  crank  shaft  is  placed  a  pinion  j9,  working  into  the 
large  spur  wheel  ^,  which  turns  on  the  axle  k ;  and  :i 
pinion  affixed  to  (/  gives  motion  to  a  wheel  fixed  to 
the  drum/I  At  the  same  time  ^  gears  into  a  smaller 
wheel  on  the  axis  u,  and  so  puts  the  rotating  plough- 


snares  into  revolution,  me  axie  u  is  supporcea  oy 
the  framework  1 1,  wbicb  by  turning  round  the  cross 
handle  attached  to  a  small  pinion  gearing  with  the 
sector  ly  may  be  moved  like  a  vibrating  beam  on  the 
centre  A,  and  the  bite  of  the  revolving  ploughsharoA 
may  therefore  be  increased  or  diminished  by  turning 
in  the  appropriate  direction  the  cross  handle  at  L  It 
will  be  obvious  that  as  the  frame  1 1  vibrates  on  the 
same  centre  on  which  the  wheel  g^  revolves,  that  the 
elevation  or  depression  of  the  ploughshares  does  not 
affect  the  gear  of  the  wheels. 

690.  Q.  —  In  pumping  water  on  the  small  scale  for 
agricultural  and  miscellaneous  purposes,  is  it  indis- 
pensable that  the  engine  should  be  a  rotative  one  ? 

A. —  No;  it  may  be  made  without  a  crank  if  judged 
preferable,  but  if  so  made  it  will  of  course  be  unsuit- 
able for  any  of  the  uses  for  which  a  rotatory  motion 
is  necessary.  For  most  purposes,  moreover,  the  cen- 
trifugal pump  is  preferable  to  reciprocating  pumps,  as 
it  utilises  a  larger  proportion  of  the  power  of  the 
engine,  is  without  valves,  which  may  choke  or  wear 
out,  and  lifts  clean  and  dirty  water  indifferently. 
There  are  cases,  nevertheless,  in  which  reciprocating 
pumps  moved  by  a  reciprocating  engine  may  be  ad- 
vantageously employed,  and  an  arrangement  suitable 
for  such  cases  is  represented  in  Jig,  89. 

69L  Q. —  Will  you  explain  the  details  of  this  ar- 
rangement ? 

A,  —  In  this  engine  the  piston  and  pump  plunger 
are  directly  connected  by  the  piston  rod,  and  the  slide 
valve  is  moved  by  an  arm  on  the  piston  rod,  which 
strikes  tappets  on  the  valve  rod.    a  is  the  cylinder, 
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the  valve  ;  and  on  the  end  of  the  valve  rod  there  is 
a  fimall  piston  working  in  the  small  cylinder  e,  with  a 
groove  along  its  lower  side,  and  this  cylinder  oommu^ 
nicates  by  a  small  hole  with  the  valre  casing.    When 
the  bosses  ^^  are  stmck  by  the  arm  e,  the  small  piston 
at  e  prevents  the  valve  from  being  driven  too  far  by 
the  impact*    The  valve  is  moved  at  starting  by  the 
handle  f,  and  d  is  a  stop  valve  for  regulating  the  ad- 
mission of  the  steam*    The  plunger  of  the  pump  A  is 
square,  and  the  pump  is  double  acting :  •  is  the  suc- 
tion pipe,  i/  (/  the  suction  valves,  and  o  o  the  delivery 
valves.    These  valves  are  formed  of  india  rubber  discs 
moving  on  spindles  up  against  flat  guards:  nn  are 
small  holes  bored  through  the  plunger,  which  have 
the  effect  of  opening  a  communication  between  the 
two  ends  of  the  pump,  just  before  the  end  of  the 
stroke ;  and  their  intention  is  to  diminish  the  concus- 
sion of  tlie  water  by  allowing  a  little  of  it  to  escape, 
which  will  be  tantamount  to  giving  it  a  slight  com- 
pressibility* fli  is  a  hand  hole  for  getting  ready  access 
to  the  valves ;  t  is  the  delivwy  pipe,  and  «  an  air 
vessel  on  that  pipe.   This  pump  is  found  to  work  with 
great  smoothness,  and  has  been  a  good  deal  used  in 
America  for  feeding  steam  Ixnlers  with  water  and  for 
other  purposes.    In  pumpiy  however,  which  are  liable 
to  a  back  leakage  of  hot  water  or  steam^  it  is  better  to 
make  them  so  that  the  plunger  completely  fills  up  the 
pump  barrel ;  and  there  should  be  no  vacant  spaces  at 
the  ends  for  the  steam  to  lodge^  but  as  far  as  possible 
precaution  should  be  taken  so  that  the  whole  oontents 
of  the  barrel,  whether  liquid  or  vaporou%  shall  be  ex- 
pelled ocMnpletely  at  every  stroke. 

KK 
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692.  Q. —  Having  now  described  the  most  nsoal 
and  approved  forms  of  engines  applicable  to  agricul- 
tural purposes,  and  to  the  numerous  miscellaneoiis 
purposes  for  which  a  moderate  amount  of  steam  power 
is  required,  will  you  briefly  recapitulate  what  amount 
of  work  of  different  kinds  an  engine  of  a  given  power 
will  perform,  so  that  any  one  desiring  to  employ  an 
engine  to  perform  a  given  amount  of  work,  will  be 
able  to  tell  what  the  power  of  such  engine  should  be  ? 

A.  —  It  will  of  course  be  impossible  to  recapitulate 
all  the  purposes  to  which  engines  are  applicable,  or  to 
specify  for  every  case  the  amount  of  power  necessary 
for  the  accomplishment  of  a  given  amount  of  work ; 
but  some  examples  may  be  given  which  will  be  appli* 
cable  to  the  bulk  of  the  cases  occurring  in  practice. 

693.  Q. — Beginning,  then,  with  the  power  necessary 
for  thrashing, — ^you  have  already  stated  that  a  4  horse 
power  engine,  with  cylinder  6  inches  diameter,  pres- 
sure of  steam  45  lbs.  per  square  inch,  and  making 
140  revolutions  per  minute,  will  thrash  oat  40 
quarters  of  wheat  in  10  hours  with  a  consumption  of 
Z  cwt.  of  coab  ? 

A,  —  Although  this  may  be  done,  it  is  probably  too 
much  to  say  that  it  can  be  done  on  an  average,  and 
about  three-fourths  of  a  quarter  of  wheat  per  horse 
power  would  probably  be  a  nearer  average.  The 
amount  of  power  consumed  varies  with  the  yield. 
Messrs.  Ransome  state  that  their  8  horse  power  en* 
gine  will  drive  with  ease  two  pair  of  mill  stones  3  feet 
S  inches  diameter. 

Messrs.  Barrett,  Exall,  and  Andrewes  give  the 
following  table  as  illustrative  of  the  work  done^  and 


FOWEB  BBQX7IRSD  FOB  GBINBINO  COBK.        499 


the  fuel  consumed  by  their  portable  engines ;  and  this 
must  be  regarded  as  a  good  performance:  — 


HmmaPoww. 

WtlfMaTAigia*. 

QBartmcfCorn 

talOHoun. 

rorlOHTottiB 
ina*Uom. 

Toot.    CwU. 

Cwtt. 

9             0 

40 

800 

2             A 

AG 

880 

a        10 

60 

460 

9            lA 

70 

A40 

8             0 

80 

620 

10 

a        10 

100 

780 

694.  Q.  —  In  speaking  of  horses  power>  I  suppose 
you  mean  indicator  horse  power  ? 

A. — Yes ;  or  rather  the  dynamometer  horse  power, 
which  is  the  same,  barring  the  friction  of  the  engine. 
At  the  shows  of  the  Hoyal  Agricultural  Society,  the 
power  actually  exerted  by  the  different  engines  is 
ascertained  by  the  application  of  a  friction  wheel  or 
dynamometer. 

695.  Q.  —  Can  you  give  any  other  examples  of  the 
power  necessary  for  grinding  corn  ? 

A, —  An  engine  exerting  23^  horses  power  by  the 
indicator  works  two  pairs  of  flour  stones  of  4  feet  8 
inches  diameter,  two  pair  of  stones  grinding  oatmeal 
of  4  feet  8  inches  diameter,  one  dressing  machine, 
one  pair  of  fanners,  one  dust  screen,  and  one  sifting 
machine.  One  of  the  flour  stones  makes  85,  and 
the  other  90  revolutions  in  the  minute.  One  of  the 
oatmeal  stones  makes  120,  and  the  other  140  revolu- 
tions in  the  minute.  To  take  another  case: — An 
engine  exerting  26^  indicator  horse  power  works  two 
pairs  of  flour  stones,  one  dressing  machine,  two  pairs  of 
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Stones  grinding  oatmeal,  and  one  pair  of  shelling 
stones.  The  flour  stones,  one  pair  of  the  oatmeal 
stones,  and  shelling  stones,  are  4  feet  8  inches 
diameter.  The  diameter  of  the  other  pair  of  oatmeal 
stones  18  3  feet  8  inches.  The  length  of  the  cylinder  of 
the  dressing  machine  is  7  feet  6  inches.  The  flour 
stones  make  87  revolutions  in  the  minute,  and  the 
larger  oatmeal  stone  111  revolutions,  hut  the  smaller 
oatmeal  stone  and  the  shelling  stone  revolve  faster 
than  this.  At  the  time  the  indicator  diagram  was 
taken,  each  pair  of  flour  stones  was  grinding  at  the 
rate  of  5  bushels  an  hour;  each  pair  of  oatmeal 
stones  about  24  bushels  an  hour ;  and  the  shelling 
stones  were  shelling  at  the  rate  of  about  54  bushels 
an  hour.  The  fanners  and  screen  were  also  in  opera- 
tion. 

696.  Q.-— Have  you  any  other  cases  to  enumerate  ? 

A.  —  I  may  mention  one  in  which  the  power  of  the 
aame  engine  was  increased  by  giving  it  a  larger  supply 
of  steam.  The  engine  when  working  with  8*65 
horses  power,  gives  motion  to  one  pair  of  oatmeal 
stones  of  4  feet  6  inches  diameter,  and  <Mie  pair  of 
flour  stones  4  feet  8  inches  diameter.  The  oatmeal 
stone  makes  100  revolutions  in  the  minute,  and  the 
flour  stone  89.  The  oatmeal  stones  grind  about  36 
bushels  in  the  hour,  and  the  flour  stones  5  bushels  in 
the  hour.  The  engine  when  working  to  12  horses 
power  drives  one  pair  of  flour  stones,  4  feet  8  inches 
diameter,  at  89  revolutions  per  minute,  and  one  pair 
of  stones  of  the  same  diameter  at  105  revolutions^ 
grinding  beans  for  cattle.  The  flour  mill  stones  with 
this  proportion  of  power,  being  more  largely  fed. 
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ground  6  bushek  per  hour,  and  the  other  stones  also 
ground  6  bushels  per  hour.  When  the  power  was 
increased  to  18  horses,  and  the  engine  was  burdened 
in  addition  with  a  dressing  machine  having  a 
cylinder  of  19  inches  diameter,  the  speed  of  the  flour 
stone  fell  to  85,  and  of  the  beans  stone  to  100  revolu- 
tions per  minute^  and  the  yield  was  also  reduced. 
The  dressing  machine  dressed  24  busheb  per  hour. 

697.  Q. — What  is  the  power  necessary  to  work  a 
sugar  mill  such  as  is  used  to  press  the  juice  from  canes 
in  the  West  Indies  ? 

A» — ^Twenty  horses  power  will  work  a  sugar  mill 
having  rollers  about  6  feet  long  and  28  inches  dia- 
meter ;  the  roUers  making  2^  turns  in  a  minute.  If 
the  rollers  be  26  inches  diameter  and  4^  feet  long, 
18  horses  power  will  suffice  to  work  them  at  the 
same  speed,  and  16  horses  power  if  the  length  be  re- 
duced to  8  feet  8  inches.  12  horses  power  will  be 
required  to  work  a  sugar  mill  with  rollers  24  inches 
diameter  and  4  feet  2  inches  long ;  and  10  horses  power 
will  suffice  if  the  rollers  be  3  feet  10  inches  long  and 
23  inches  diameter.  The  speed  of  the  surface  of 
sugar  mill  rollers  should  not  be  greater  than  16  feet 
per  minute,  to  allow  time  for  the  canes  to  part  with 
their  juice.  In  the  old  mills  the  speed  was  invariably 
too  great  The  quantity  of  juice  expressed  will  not 
be  increased  by  increasing  the  speed  of  the  rollers, 
but  more  of  the  juice  will  pass  away  in  the  begass  or 
woody  refuse  of  the  cane. 

698.  Q. — What  is  the  amount  of  power  necessary 
to  drive  cotton  mills  ? 

A, — kvL  indicator  or  actual  horse  power  will  drive 
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305  hand  mule  spindles^  with  proportion  of  preparing 
machinery  for   the  9ame ;   or  230  self-acting  mule 
spindles  with  preparation;  or  104  throstle  spindles 
with  preparation  ;  or  10^  power  looms  with  oommon 
sizing.     The   throstles  referred  to  are  the  commoc 
tlirostles  spinning  34's  twist  for  power  loom  weaving^ 
and  the  spindles  make  4000  turns  per  minute.     The 
self  acting  males  are  Roberts',  about  one  half  spinning 
36's   weft,  and  spindles  reTolring   4800    turns  per 
minute ;  and  the  other  half  spinning  36's  twist,  with 
the  spindles  revolving  o200  times  per  minute.     Half 
the  hand  mules  were  spinning  36's  weft,  at  4700  re- 
volutions, and  the  other  half  36*s  twist  at  6000  re- 
volutions per  minute.     The  average  breadth  of  the 
looms  was  37  inches,  weaving  37  inch  cloth,  making 
123  picks  per  minute, — all  common  calicoes  about  60 
reed,  Stockport  count,  and  68  picks  to  the  inch.     To 
take  another  example  in  the  case  of  a  mill  for  twisting 
cotton  yarn  into  thread : — In  this  mill  there  are  27 
frames  with  96  common  throstle   spindles  in  each, 
making  in  all  2o92  spindles.     The  spindles  turn  2200 
times  in  a  minute;  the  bobbins  are  1{  inches  dia- 
meter, and  the  part  which  holds  the  thread  is  2^ 
inches  long.     In  addition  to  the  twisting  frames  the 
steam  engine  works  4  turning  lathes,  3   polishing 
lathes,    2    American    machines    for    turning    small 
bobbins,  two  circular  saws  one  of  22  and  the  other  of 
14  inches  diameter,  and  24  bobbin  heads  or  machines 
for  filling  the  bobbins  with  finished  thread.     The 
power  required  to  drive  the  whole  of  this  machinery 
is  281  horses.     When  all  the  machinery  except  the 
sp'ndles  is  thrown  ofi^,  the  power  required  is  21  horses^ 
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80  that  2592,  the  total  number  of  spindles,  diyided  by 
21,  the  total  power,  is  the  number  of  twisting  spindles 
worked  by  each  actual  horse  power.  The  number  is 
122-84. 

6d9.  Q.— What  work  will  be  done  by  a  given 
engine  in  sawing  timber,  pressing  cotton,  blowing 
furnaces^  driving  piles,  and  dredging  earth  out  of 
rivers? 

A, — A  high  pressure  cylinder  10  inches  diameter, 
4  feet  stroke,  making  35  revolutions  with  steam  of  90 
to  100  lbs.  on  the  square  inch,  supplied  by  three  cy« 
lindrical  boilers  80  inches  diameter  and  20  feet  long, 
works  two  vertical  saws  of  34  inches  stroke,  which 
are  capable  of  cutting  80  feet  of  yellow  pine,  18  inches 
deep,  in  the  minute.  A  high  pressure  cylinder  14 
inches  diameter  and  4  feet  stroke,  making  60  strokes 
per  minute  with  steam  of  40  lbs.  on  the  square  inch, 
supplied  by  three  cylindrical  boilers  without  flues,  30 
inches  diameter  and  26  feet  long,  with  82  square  feet 
of  grate  surface,  works  four  cotton  presses  geared  6  to 
1,  with  two  screws  in  each  of  7^  inches  diameter  and 
If  pitch,  which  presses  will  screw  1000  bales  of 
cotton  in  the  twelve  hours.  Also  one  high  pressure 
cylinder  of  10  inches  diameter  and  3  feet  stroke, 
making  45  to  60  revolutions  per  minute,  with  steam 
of  45  to  50  lbs.  per  square  inch,  with  two  hydraulic 
presses  having  12  inch  rams  of  4^  feet  stroke,  and 
force  pumps  2  inches  diameter  and  6  inches  stroke, 
presses  30  bales  of  cotton  per  hour.  One  condensing 
engine  with  cylinder  56  inches  diameter,  10  feet 
stroke,  and  making  15  strokes  per  minute  with  steam 
of  60  lbs.  pressure  per  square  inch,  cut  off  at  ^th  of 
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the  stroke,  supplied  by  six  boilers,  each  5  feet  dia« 
meter,  and  24  feet  long,  with  a  22'inch  dooble-retum 
floe  in  each,  and  ld8  square  feet  of  fire  grate,  worics  a 
blast  cjlinder  of  126  inches  diameter,  and  10  feet 
stroke,  at  16  strokes  per  minute.  The  pressure  of  the 
blast  is  4  to  6  lbs.  per  square  inch ;  the  area  of  pipes 
2800  square  inches,  and  the  engine  blows  foor 
furnaces  of  14  feet  diameter,  each  making  100  tons  of 
pig  iron  per  week.  Two  high  pressure  cylinders, 
each  of  6  inches  diameter  and  18  inches  stroke, 
making  60  to  80  strokes  per  minute^  with  steam  of 
60  lbs.  per  square  inch,  lift  two  rams,  each  weighing 
1000  lbs.,  five  times  in  a  minute,  the  leaders  for  the 
lift  being  24  feet  long.  One  high  pressure  cylinder 
of  12  inches  diameter  and  5  feet  stroke,  making  20 
strokes  per  minute,  with  steam  of  60  to  70  Ibe.  pres. 
sore  per  square  inch,  lifts  6  buckets  full  of  dredging 
per  minute  from  a  depth  of  80  feet  bekw  the  water, 
or  lifts  10  buckets  full  of  mod  per  minute  from 
a  depth  of  18  feet  betow  the  water 
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CONSTBUCnON  OF  ENGINES. 

700.  Q, — What  are  the  qualities  which  should  be 
possessed  by  the  iron  of  which  the  cylinders  of  steam 
engines  are  made  ? 

A,  —  The  general  ambition  in  making  cylinders  is 
to  make  them  sound  and  hard ;  but  it  is  expedient 
also  to  make  them  tough,  so  as  to  approach  as  nearly 
as  possible  to  the  state  of  malleable  iron.  This  may 
be  done  by  mixing  in  the  furnace  as  many  different 
kinds  of  iron  as  possible ;  and  it  may  be  set  down  as 
a  general  rule  in  iron  foundings  that  the  greater  the 
number  of  the  kinds  of  metal  entering  into  the  com- 
position of  any  casting,  the  denser  and  tougher  it  will 
be.  The  constituent  atoms  of  the  different  kinds  of 
iron  appear  to  be  of  different  sizes,  and  the  mixture 
of  different  kinds  maintains  the  toughness,  while  it 
adds  to  the  density  and  cohesive  power.  Hot  blast 
iron  was  at  one  time  generally  believed  to  be  weaker 
than  cold  blast  iron,  but  it  is  now  questioned  whether 
it  is  not  the  stronger  of  the  two.    The  cohesive 
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Strength  of  unmixed  iron  is  not  in  proportion  to  its 
specific  gravity,  and  its  elasticity  and  power  to  resist 
shocks  appears  to  become  greater  as  the  specific 
gravity  becomes  less.  Nos.  3.  and  4.  are  the  strongest 
irons*  In  most  cases*  iron  melted  in  a  cupola  is  not 
so  strong  as  when  remelted  in  an  air  furnace,  and 
when  run  into  green  sand  it  is  not  reckoned  so  strong 
as  when  run  into  dry  sand,  or  loam.  The  quality  of 
the  fuel,  and  even  the  state  of  the  weather,  exerts  an 
influence  on  the  quality  of  the  iron:  smelting  fur- 
naces, on  the  cold  blast  principle,  have  long  been 
known  to  yield  better  iron  in  winter  than  in  summer, 
probably  from  the  existence  of  less  moisture  in  the 
air ;  and  it  would  probably  be  found  to  accomplish  an 
improvement  in  the  quality  of  the  iron  if  the  blast 
were  made  to  pass  through  a  vessel  containing  muriate 
of  lime^  by  which  the  moisture  of  the  air  would  be 
extracted.  The  expense  of  such  a  preparation  would 
not  be  considerable,  as,  by  subsequent  evaporation, 
the  salt  might  be  used  over  and  over  again  for  the 
same  purpose. 

701.  Q.— Will  you  explain  the  process  of  casting 
cylinders  ? 

A> —  The  mould  into  which  the  metal  is  poured  is 
built  up  of  bricks  and  loam,  the  loam  being  clay  and 
sand  ground  together  in  a  mill,  with  the  addition  of  a 
little  horsedung  to  give  it  a  fibrous  structure  and 
prevent  cracks.  The  loam  board,  by  which  the  circle 
of  the  cylinder  is  to  be  swept,  is  attached  to  an  up- 
right iron  bar,  at  the  distance  of  the  radius  of  the 
cylinder,  and  a  cylindrical  shell  of  brick  is  built  ap, 
which  is  plastered  on  the  inside  with  loam,  and  made 
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quite  smooth  bj  traversing  the  perpendicular  loam 
board  round  it.  A  core  is  then  formed  in  a  similar 
manner,  but  so  much  smaller  as  to  leave  a  space  be- 
tween the  shell  and  the  core  equal  to  the  thickness  of 
the  cylinder,  and  into  this  space  the  melted  metal  is 
poured.  Whatever  nozzles  or  projections  are  required 
upon  the  cylinder,  must  be  formed  bj  means  of  wooden 
patterns,  which  are  built  into  the  shell,  and  subse- 
quently withdrawn ;  but  where  a  number  of  cylinders 
of  the  same  kind  arc  required,  it  is  advisable  to  make 
these  patterns  of  iron^  which  will  not  be  liable  to  warp 
or  twist  while  the  loam  is  being  dried.  Before  the 
iron  is  cast  into  the  mould,  the  interior  of  the  mould 
must  be  covered  with  finely  powdered  charcoal  —  or 
blackening,  as  it  is  technically  termed ;  and  the  secret 
of  making  finely  skinned  castings  lies  in  using  plenty 
of  blackening.  In  loam  and  dry  sand  castings  the 
charcoal  should  be  mixed  with  thick  clay  water,  and 
applied  until  it  is  an  eighth  of  an  inch  thick,  or  more ; 
the  surface  should  be  then  very  carefully  smoothed 
or  sleeked,  and  if  the  metal  has  been  judiciously 
mixed,  and  the  mould  thoroughly  dried,  the  casting  is 
AVLTQ  to  be  a  fine  one.  Dry  sand  and  loam  castings 
should  be,  as  much  as  possible,  made  in  boxes ;  the 
moulds  may  thereby  be  more  rapidly  and  more  efiec- 
tually  dried,  and  better  castings  will  be  got  with,  a 
less  expense. 

702.  Q.  —  Will  you  explain  the  next  operation 
which  a  cylinder  undergoes  ? 

A.  —  The  next  stage  is  the  boring ;  and  in  boring 
cylinders  of  74  inches  diameter,  the  boring  bar  must 
move  so  as  to  make  one   revolution  in  about  4^ 
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minutes,  at  which  speed  the  cutters  will  moTe  at  the 
rate  of  about  5  feet  per  minute.  In  boring  brass^  the 
speed  must  be  slower ;  the  common  rate  at  which  the 
tool  moves  in  boring  brass  air  pumps  is  about  3  feet 
per  minute.  If  this  speed  be  materisllj  exceeded  the 
tool  will  be  spoiled,  and  the  pump  made  taper.  The 
speed  proper  for  boring  a  cylinder  will  answer  for 
boring  the  brass  air  pump  of  the  same  engine.  A 
brass  air  pump  of  36|>  inches  diameter  requires  the 
bar  to  make  one  turn  in  about  three  minutes,  which 
is  also  the  speed  proper  for  a  cylinder  60  inches  in 
diameter.  To  bore  a  brass  air  pump  36^  inches  in 
diameter  requires  a  week,  an  iron  one  requires  48 
hours,  and  a  copper  one  24  hours.  In  turning  a  mal- 
leable iron  shaft  12|-  inches  in  diameter,  the  shaft 
should  make  about  five  turns  per  minute,  which  is 
equivalent  to  a  speed  in  the  tool  of  about  16  feet  per 
minuto ;  but  this  speed  may  be  exceeded  if  soap  and 
water  be  plentifully  run  on  the  point  of  the  tooL  A 
boring  mill,  of  which  the  speed  may  be  varied  from 
one  turn  in  six  minutes  to  twenty-five  turns  in  one 
minute,  will  be  suitable  for  all  (urdinary  wants  that 
can  occur  in  practice. 

703.  Q.  —  Are  there  any  precautions  necessary  to 
be  observed  in  order  that  the  boring  may  be  truly 
effected? 

A.  —  In  fixing  a  cylinder  into  the  boring  mill* 
great  care  must  be  taken  that  it  is  not  screwed  down 
unequally  ;  and  indeed  it  will  be  impossible  to  bore  a 
large  cylinder  in  a  horizontal  mill  without  being  oval, 
unless  the  cylinder  be  carefully  gauged  when  standing 
on  end,  and  be  set  up  by  screws  when  laid  in  the  mill 
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until  it  again  .assumes  its  original  form.  A  large 
cylinder  will  ineyitably  become  oval  if  laid  upon  its 
side ;  and  if  while  under  the  tension  due  to  its  own 
weight  it  be  bored  round,  it  will  become  oval  again 
when  set  upon  end  If  the  bottom  be  cast  in,  the 
cylinder  will  be  probably  found  to  be  round  at  one 
end  and  oval  at  the  other,  unless  a  vertical  boring 
mill  be  employed,  at  the  precautions  here  suggested 
be  adopted. 

704.  Q.— Does  the  boring  tool  make  the  cylinder 
sufficiently  smooth  for  the  reception  of  the  piston  ? 

A.  —  Many  engine  makers  give  no  other  finish  to 
their  cylinders;  but  Messrs. Penn  grind  their  cylinders 
after  they  are  bored,  by  laying  them  on  their  side, 
and  rubbing  a  piece  of  lead,  with  a  cross  iron  handle 
like  that  of  a  rolling  stone,  and  smeared  with  emery 
and  oil,  backwards  and  forwards—  the  cylinder  being 
gradually  turned  round  so  as  to  subject  every  part 
successively  to  the  operation.  The  lead  by  which 
this  grinding  is  accomplished  is  cast  in  the  cylinder, 
whereby  it  is  formed  of  the  right  curve ;  but  the  part 
of  the  cylinder  in  which  it  is  cast  should  be  previously 
heated  by  a  hot  iron,  else  the  metal  may  be  cracked 
by  the  sudden  heat 

705.  Q.  -^  How  are  the  parts  of  a  piston  fitted  to- 
gether so  as  to  be  perfectly  steam  tight  ? 

A.  —  The  old  practice  was  to  depend  chiefly  upon 
grinding  as  the  means  of  making  the  rings  tight  upon 
the  piston  or  upon  one  another ;  but  scraping  is  now 
chiefly  relied  on.  Some  makers,  however,  flnish  their 
steam  surfaces  by  grinding  them  with  powdered 
Turkey  stone  and  oiL     A  slight  grinding,  or  polish- 
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ing,  with  powdered  Turkey  stone  and  oil^  appears  tc 
be  expedient  in  ordinary  cases,  and  may  be  conve- 
niently accomplished  by  setting  the  piston  on  a  re- 
volving table,  and  holding  the  ring  stationary  by  a 
cross  piece  of  wood  while  the  table  turns  round.  Pieces 
of  wood  may  be  interposed  between  the  ring  and  the 
body  of  the  piston,  to  keep  the  ring  nearly  in  its  right 
position ;  but  these  pieces  of  wood  should  be  fitted  so 
loosely  as  to  give  some  side  play,  else  the  disposition 
would  arise  to  wear  the  flange  of  the  pbton  into  a 
groove. 

706.  Q.-— What  kind  of  tool  is  used  for  finishing 
surfaces  by  scraping  ? 

A.  —  A  flat  file  bent,  and  sharpened  at  the  end, 
makes  an  eligible  scraper  for  the  first  stages;  or  a 
fiat  file  sharpened  at  the  end  and  used  like  a  chisel  for 
wood*  A  three-cornered  file,  sharpened  at  all  the 
comers,  is  the  best  instrument  for  finishing  the  opera- 
tion. The  scraping  tool  should  be  of  the  best  steel, 
and  should  be  carefully  sharpened  at  short  intervals 
on  a  Turkey  stone,  so  as  to  maintain  a  fine  edge. 

707.  Q.  —  Will  you  explain  the  method  of  fitting 
together  the  valve  and  cylinder  faces  ? 

^.—Both  faces  must  first  be  planed,  then  filed  ac- 
cording to  the  indications  of  a  metallic  straight  edge^ 
and  subsequently  of  a  thick  metallic  face  plate,  and 
finally  scraped  very  carefully  until  the  face  plate  bears 
equally  all  over  the  surface.  In  planing  any  surface, 
the  catches  which  retain  the  surface  on  the  planing 
machine  should  be  relaxed  previously  to  the  last  cut»  to 
obviate  distortion  from  springing.  To  ascertain  whether 
the  face  plate  bears  equally,  smear  it  over  with  a  little 
red  ochre  and  oil,  and  move  the  face  plate  sUghtlj, 
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Tvbich  will  £z  the  colour  upon  the  prominent  points. 
This  operation  is  to  be  repeated  frequently ;  and  as  the 
work  advances,  the  quantity  of  colouring  matter  is  to 
be  diminished,  until  finally  it  is  spread  over  the  face 
plate  in  a  thin  film,  which  only  dims  the  brightness  of 
the  plate.  The  sorfaces  at  this  stage  must  be  rubbed 
firmly  together  to  make  the  points  of  contact  visible, 
and  the  higher  points  will  become  slightly  clouded, 
while  the  other  parts  are  left  more  or  less  in  shade. 
If  too  small  a  quantity  of  colouring  matter  be  used  at 
first,  it  will  be  difficult  to  form  a  just  conception  of 
the  general  state  of  the  surface,  as  the  prominent 
points  will  alone  be  indicated,  whereas  the  use  of  a 
large  quantity  of  colouring  matter  in  the  latter  stages 
would  destroy  the  delicacy  of  the  test  the  face  plate 
affords.  The  number  of  bearing  points  which  it  is 
desirable  to  establish  on  the  surface  of  the  work,  de- 
pends on  the  use  to  which  the  surface  is  to  be  applied  i 
but  whether  it  is  to  be  finished  with  great  elaboration, 
or  otherwise,  the  bearing  points  should  be  distributed 
equally  over  the  surface.  Face  plates,  or.  piano- 
meters,  as  they  are  sometimes  termed,  are  supplied  by 
most  of  the  makers  of  engineering  tools.  Every 
factory  should  be  abundantly  supplied  with  them,  and 
also  with  steel  straight  edges ;  and  there  should  be  a 
master  face  plate,  and  a  master  straight  edge,  for  the 
sole  purpose  of  testing,  from  time  to  time,  the  accuracy 
of  those  in  use. 

708.  Q.  —  Is  the  operation  of  surfacing^  which  you 
have  described,  necessary  in  the  case  of  all  slide 
valves? 

A — Yes;  and  in  fitting  the  faces  of  a  D  valv^ 
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great  care  must,  in  addition,  be  taken  that  the  valve 
is  not  made  conical ;  for  unless  the  back  be  ezactlj 
parallel  with  the  face,  it  will  be  impossible  to  keep 
the  padding  from  being  rapidly  cut  away.  When  the 
▼alve  is  laid  upon  the  face  plate,  the  back  most  be 
made  quite  fair  along  the  whole  length,  by  draw 
filing,  according  to  the  indications  of  a  straight  edge ; 
and  the  distance  from  the  face  to  the  extreme  height 
of  the  back  must  be  made  identical  at  each  ex- 
tremity. 

709.  Q.  —  When  you  described  the  operation  of 
boring  the  cylinder,  you  stated  that  the  cylinder,  when 
laid  upon  its  side,  became  oral ;  will  not  thia  change 
of  figure  distort  the  cylinder  face  ? 

A.  —  It  is  not  only  in  the  boring  of  the  cylinder 
that  it  is  necessary  to  be  careful  that  there  is  no 
change  of  figure,  for  it  will  be  impoasible  to  face  the 
valves  truly  in  the  ease  of  large  cylinders,  unless  the 
cylinder  be  placed  on  end,  or  internal  props  be  intro- 
duced to  prevent  the  collapse  due  to  Uie  cylinder's 
weight.  It  may  be  added,  that  the  change  of  figure 
is  not  instantaneous,  but  becomes  greater  after  aome 
continuance  of  the  strain  than  it  was  at  first,  so  that 
in  gauging  a  cylinder  to  ascertain  the  difierence  of 
diameter  when  it  is  placed  on  its  side^  it  should  have 
lun  mxDQ  days  upon  ita  side  to  enaure  the  accuracy  of 
the  operation. 

710.  Q.— -How  is  any  fiaw  in  the  valve  or  ^^linder 
face  remedied  ? 

A> — Shduld  a  hole  occur  either  in  the  valve,  in  the 
cylinder,  or  any  other  part  where  the  surface  requires 
to  be  smooth,  it  may  be  plugged  up  with  a  piece  of 
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cast  iron,  as  nearly  as  possible  of  the  same  texture. 
Bore  out  the  faulty  part,  and  afterwards  widen  the 
hole  with  an  eccentric  drills  so  that  it  will  be  of  the 
least  diameter  at  the  mouth.  The  hole  may  go  more 
than  half  through  the  iron :  fit  then  a  plug  of  cast  iron 
roughly  by  filing,  and  hammer  it  into  the  hole, 
whereby  the  plug  will  become  riveted  in  it,  and  its 
surface  may  then  be  filed  smooth.  Square  pieces 
may  be  let  in  after  the  same  fashion,  the  hole  being 
made  dovetailed,  and  the  pieces  thus  fitted  will  never 
come  out. 

711.  Q.  —  When  cylinders  are  faced  with  brass, 
how  is  the  face  attached  to  the  cylinder  ? 

A.  —  Brass  faces  are  put  upon  valves  or  cylinders 
by  means  of  small  brass  screws  tapped  into  the  iron, 
with  conical  necks  for  the  retention  of  the  brass :  they 
are  screwed  by  means  of  a  square  head,  which,  when 
the  screw  is  in  its  place^  is  cut  off  and  filed  smooth. 
In  some  cases  the  face  is  made  of  extra  thickness, 
and  a  rim  not  so  thick  runs  round  it,  forming  a  step 
or  recess  for  the  reception  of  brass  rivets,  the  heads 
of  which  are  clear  of  the  face. 

712.  Q. —  What  is  the  best  material  for  valve 
faces? 

A, — Much  trouble  is  experienced  with  every  modi- 
fication of  valve  face;  but  cast  iron  working  upon 
cast  iron  is,  perhaps,  the  best  combination  yet  intro- 
duced. A  usual  practice  is  to  pin  brass  faces  on  the 
cylinder,  allowing  the  valve  to  retain  its  cast  iron 
face.  Some  makers  employ  brass  valves,  and  others 
pin^  brass  on  the  valves,  leaving  the  cylinder  with  a 
cast  iron  face.    If  brass  valves  are  used,  it  is  advis- 
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able  to  plane  ont  two  grooves  across  the  face,  and  to 
fill  them  up  with  hard  cast  iron  to  prevent  rutting. 
Speculum  metal  and  steel  have  been  tried  for  the 
cylinder  faces,  but  onlj  with  moderate  success.  In 
some  cases  the  brass  gets  into  ruts ;  but  the  most  pre* 
valent  affection  is  a  degradation  of  the  iron,  owing  to 
the  action  of  the  steam,  and  the  face  assuming  a 
granular  appearance,  something  like  loaf  sugar.  This 
action  shows  itself  only  at  particular  spots,  and  chiefly 
about  the  angles  of  the  port  or  valve  face.  At  first 
the  action  is  slow;  but  when  once  the  steam  has 
worked  a  passage  for  itself,  the  cutting  awaj  becomes 
very  rapid,  and,  in  a  short  time,  it  will  be  impoeaible 
to  prevent  the  engine  from  heating  when  stopped, 
owing  to  the  leakage  of  steam  through  the  valve  into 
the  condenser.  Copper  steam  pipes  seem  to  have 
some  galvanic  acti<m  on  valve  faces,  and  malleable 
iron  pipes  have  sometimes  been  substituted ;  hot  they 
are  speedily  worn  out  by  oxidation,  and  the  scales  of 
rust  which  are  carried  on  by  the  steam  scratch  the 
valves  and  cylinders,  so  that  the  use  of  copper  pipes 
is  the  least  evil. 

713.  Q.  —  Will  you  explain  in  what  manner  the 
joints  of  an  engine  are  made  ? 

A*  —  ^ust  joints  are  not  now  mnch  used  in  engines 
of  any  kind,  yet  it  is  necessary  that  the  engineer  shonld 
be  acquainted  with  the  manner  of  their  fonnatioD. 
One  ounce  of  sal-ammoniac  in  powder  is  mingled 
with  18  ounces  or  a  |>pund  of  borings  of  cast  iron, 
und  a  sufficiency  of  water  is  added  to  wet  the  mixture 
thoroughly,  which  should  be  done  some  hours  before 
it  is  wanted  for  use.     Some  persons  add  about  half  ao 
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ounce  of  flowers  of  brimstone  to  the  abore  proportions, 
and  a  little  sludge  from  the  grindstone  trough.  This 
cement  is  caulked  into  the  joints  with  a  caulking  iron, 
about  three  quarters  of  an  inch  wide  and  one  quarter 
of  an  inch  thick,  and  after  the  caulking  is  finished  the 
bolts  of  the  joints  may  be  tried  to  see  if  they  cannot 
be  further  tightened.  The  skin  of  the  iron  must,  in 
all  cases,  be  broken  where  a  rust  joint  is  to  be  made ; 
and,  if  the  place  be  greasy,  the  surface  must  be  well 
rubbed  oyer  with  nitric  add,  and  then  washed  with 
water,  till  no  grease  remains.  The  oil  about  engines 
has  a  tendency  to  damage  rust  joints  by  recovering 
the  oxide.  Coppersmiths  staunch  the  edges  of  their 
plates  and  rivets  by  means  of  a  cement  formed  of 
pounded  quicklime,  with  serum  of  blood,  or  white  of 
egg ;  and  in  copper  boilers  such  a  substance  may  be 
useful  in  stopping  the  impalpable  leaks  which  some- 
times occur,  though  Boman  cement  appears  to  be 
'  nearly  as  effectual. 

714.  Q.  —  Will  you  explain  the  method  of  case 
hardening  the  parts  of  engines  ? 

A.  —  The  most  common  plan  for  case  hardening 
consists  in  the  insertion  of  the  articles  to  be  operated 
upon  among  horn  or  leather  cuttings,  bone  dust,  or 
animal  charcoal,  in  an  iron  box  provided  with  a  tight 
lid,  which  is  then  put  into  a  furnace  for  a  period 
answerable  to  the  depth  of  steel  required.  In  some 
cases  the  plan  pursued  by  the  gunsmiths  may  be  em- 
ployed with  convenience.  The  article  is  inserted  in 
a  sheet  iron  case  amid  bone  dust^  often  not  bnmed; 
the  lid  of  the  box  is  tied  on  with  wire,  and  the  joint 
luted  with  clay;  the  box  is  heated  to  redness  as 
I.L  a 
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quickly  as  possible  and  kept  half  an  hour  at  a  uniform 
heat :  its  contents  are  then  suddenly  immersed  in  cold 
water.  The  more  unwieldy  portions  of  an  engine  may 
be  case  hardened  by  prussiate  of  potash  —  a  salt  made 
from  animal  substances,  composed  of  two  atoms  of 
carbon  and  one  of  nitrogen,  and  which  operates  on 
the  same  principle  as  the  charcoal.  The  iron  is  heated 
in  the  fire  to  a  dull  red  heat,  and  the  salt  is  either 
sprinkled  upon  it  or  rubbed  on  in  a  lump,  or  the  iron 
is  rubbed  in  the  salt  in  powder.  The  iron  is  then  re- 
turned to  the  fire  for  a  few  minutes,  and  finally  im- 
mersed in  water.  By  some  persons  the  salt  is  sup- 
posed to  act  unequally,  as  if  there  were  greasy  spots 
upon  the  iron  which  the  salt  refused  to  touch,  and  the 
effect  under  any  circumstances  is  exceedingly  super* 
ficial;  nevertheless,  upon  all  parts  not  exposed  to 
wear,  a  sufficient  coating  of  steel  may  be  obtained  by 
this  process. 

715.  Q.  —  What  kind  of  iron  is  most  suitable  for 
the  working  parts  of  an  engine  ? 

A, — In  the  malleable  iron  work  of  engines  scrap 
iron  has  long  been  used,  and  considered  preferable  to 
other  kinds ;  but  if  the  parts  are  to  be  case  hardened, 
as  is  now  the  usual  practice,  the  use  of  scrap  iron  is 
to  be  reprehended,  as  it  is  almost  sure  to  make  the 
parts  twist  in  the  case  hardening  process.  In  case 
hardening,  iron  absorbs  carbon,  which  causes  it  to 
swell ;  and  as  some  kiuds  of  iron  have  a  greater  capa- 
city for  carbon  than  other  kinds,  in  case  hardening 
they  will  swell  more,  and  any  such  unequal  enlarge- 
ment in  the  constituent  portions  of  a  piece  of  iron  will 
cause  it  to  change  its  figure.    In  some  cases»  case 
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hardening  has  caused  such  a  twisting  of  the  parts  of 
an  engine,  that  they  could  not  afterwards  be  fitted 
together;  it  is  preferable,  therefore,  to  make  such 
parts  as  are  to  be  case  hardened  to  any  considerable 
depth  of  Lowmoor,  Bowling,  or  Indian  iron,  which 
being  homogeneous  will  absorb  carbon  equally,  and 
will  not  twist. 

716.  Q. —  What  is  the  composition  of  the  brass 
used  for  engine  bearings  ? 

A, — The  brass  bearings  of  an  engine  are  composed 
principally  of  copper  and  tin-  A  very  good  brass  for 
steam  engine  bearings  consists  of  old  copper  1 12  lbs., 
tin  12^  lbs.,  zinc  2  or  3  oz. ;  and  if  new  tile  copper  be 
used,  there  should  be  13  lbs.  of  tin  instead  of  12^  lbs. 
A  tough  brass  for  engine  work  consists  of  1^  lb.  tin, 
1^  lb.  zinc,  and  10  lbs.  copper ;  a  brass  for  heavy 
bearings,  2\  oz.  tin,  \  oz.  zinc,  and  I  lb.  copper.  There 
is  a  great  difference  in  the  length  of  time  brasses 
wear,  as  made  by  different  manufacturers;  but  the 
difference  arises  as  much  from  a  different  quantity  of 
surface,  as  from  a  varjdng  composition  of  the  metaL 
Brasses  should  always  be  made  strong  and  thick,  as 
when  thin  they  collapse  upon  the  bearing  and  increase 
the  friction  and  the  wear. 

717.  Q.— How  is  Babbitt's  metal  for  lining  the 
bushes  of  machinery  compounded  ? 

A.  —  Babbitt's  patent  lining  metal  for  bushes  has 
been  largely  employed  in  the  bushes  of  locomotive 
axles  and  other  machinery  :  it  is  composed  of  1  lb.  of 
copper,  1  lb.  regulus  of  antimony,  and  10  lbs.  of  tin, 
or  other  similar  proportions,  the  presence  of  tin  being 
the  only  material  condition.      The  copper  is  firtt 
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melted,  then  the  antimony  is  added,  with  a  small  por- 
tion of  tin  —  charcoal  being  strewed  over  the  surface 
of  the  metal  in  the  crucible  to  prevent  oxidation. 
The  bush  or  article  to  be  lined,  having  been  cast  with 
a  recess  for  the  soft  metal,  is  to  be  fitted  to  an  iron 
mould,  formed  of  the  shape  and  size  of  the  bearing  or 
journal,  allowing  a  little  in  size  for  the  shrinkage. 
Drill  a  hole  for  the  reception  of  the  soft  metal,  say  ^ 
to  |-  inch  diameter,  wash  the  parts  not  to  be  tinned 
with  a  clay  wash  to  prevent  the  adhesion  of  the  tin, 
wet  the  part  to  be  tinned  with  alcohol,  and  sprinkle 
fine  sal-ammoniac  upon  it ;  heat  the  article  until  fumes 
arise  from  the  ammonia,  and  immerse  it  in  a  kettle  of 
Banca  tin,  care  being  taken  to  prevent  oxidation. 
When  sufficiently  tinned,  the  bush  should  be  soaked 
in  water,  to  take  off  any  particles  of  ammonia  that 
may  remain  upon  it,  as  the  ammonia  would  cause  the 
metal  to  blow.  Wash  with  pipe  day,  and  dry ;  then 
heat  the  bush  to  the  melting  point  of  tin,  wipe  it  clean, 
and  pour  in  the  metal,  giving  it  sufficient  head  as  it 
cools;  the  bush  should  then  be  scoured  vdth  fine  sand, 
to  take  off  any  dirt  that  may  remain  upon  it,  and  it  is 
then  fit  for  use.  This  metal  wears  for  a  longer  time 
than  ordinary  gun  metal,  and  its  use  is  attended  with 
very  little  friction.  I£  the  bearing  heats,  however, 
from  the  stopping  of  the  oil  hole  or  otherwise,  the 
metal  will  be  melted  out.  A  metallic  grease,  con- 
taining particles  of  tin  in  the  state  of  an  impalpable 
powder,  would  probably  be  preferable  to  the  lining  of 
metal  just  described. 

718.  Q. —  Can  you  state  the  composition  of  any 
other  alloys  that  are  used  in  engine  work  ? 
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A,  -^  The  ordinary  range  of  good  yellow  brass  that 
files  and  turns  well,  is  about  4^  to  9  ounces  of  zinc  to 
the  pound  of  copper.  Flanges  to  stand  brazing  may 
be  nuule  of  copper  I  lb.y  zinc  ^  oz.,  lead  -f  oz.  Brazing 
solders  when  stated  in  the  order  of  their  hardness 
are:  —  three  parts  copper  and  one  part  zinc  (very 
liard)^  eight  parts  brass  and  one  part  zinc  (hard),  six 
parts  brass,  one  part  tin,  and  one  part  zinc  (soft) ;  a 
very  common  solder  for  iron,  copper^  and  brass,  con- 
sists of  nearly  equal  parts  of  copper  and  zinc  Muntz's 
metal  consists  of  forty  parts  zinc  and  sixty  of  copper ; 
any  proportions  between  the  extremes  of  fifty  parts  of 
zinc  and  fifty  parts  copper,  and  thir^-seven  zinc  and 
sixty-three  copper,  will  roll  and  work  at  a  red  heat, 
but  forty  zinc  to  sixty  copper  are  the  proportions  pre- 
ferred. Bell  metal,  such  as  is  used  for  large  bells, 
consists  of  4^  ounces  to  5  ounces  of  tin  to  the  pound  of 
copper  ;  speculum  metal  consists  of  from  7-^  ounces  to 
8^  ounces  of  tin  to  the  pound  of  copper. 

ERECTION  OF  ENGINES* 

719.  Q.  —  Will  you  explain  the  operation  of  erect* 
ing  a  pair  of  side  lever  engines  in  the  workshop  ? 

A.  -—In  beginning  the  erection  of  side  lever  marine 
engines  in  the  workshop,  the  first  step  is  to  level  the 
bed  plate  lengthways  and  across,  and  strike  a  line  up 
the  centre,  as  near  as  possible  in  the  middle,  which 
indent  with  a  chisel  in  various  places,  so  that  it  may 
at  any  time  be  easily  found  again.  Strike  another 
line  at  right  angles  with  this,  either  at  the  cylinder  or 
crank  centre,  by  drawing  a  perpendicular  in  the  usual 
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manner.  Lay  the  other  sole  plate  alongside  at  tlie 
right  distance,  and  strike  a  line  at  the  cylinder  or 
crank  centre  of  it  also,  shifting  either  sole  plate  a 
little  endways  until  these  two  transverse  lines  come 
into  the  same  line,  which  may  be  ascertained  by  ap- 
plying a  straight  edge  across  the  two  sole  plates. 
Strike  the  rest  of  the  centres  across,  and  drive  a  pin 
into  each  corner  of  each  sole  plate,  which  file  down 
level,  so  as  to  serve  for  points  of  reference  at  any 
future  stage ;  next,  try  the  cylinder,  or  plumb  it  on 
the  inside  roughly,  and  see  how  it  is  for  height,  in 
order  to  ascertain  whether  much  will  be  required  to 
be  chipped  off  the  bottom,  or  whether  more  requires 
to  be  chipped  off  the  one  side  than  the  other.  Chip 
the  cylinder  bottom  fair  ;  set  it  in  its  place,  plumb  the 
cylinder  very  carefully  with  a  straight  edge  and  silk 
thread,  and  scribe  it  so  as  to  bring  the  cylinder  mouth 
to  the  right  height,  then  chip  the  sole  plate  to  suit 
that  height.  The  cylinder  must  then  be  tried  on 
again,  and  the  parts  filed  wherever  they  bear  hard, 
until  the  whole  surface  is  well  fitted.  Next,  chip  the 
place  for  the  framing ;  set  up  the  framing,  and  scribe 
the  horizontal  part  of  the  jaw  with  the  scriber  used 
for  the  bottom  of  the  cylinder,  the  upright  part  being 
set  to  suit  the  shaft  centres,  and  the  angular  flange  of 
cylinder,  where  the  stay  is  attached,  having  been  pre- 
viously chipped  plumb  and  level.  The  stake  wedges 
with  which  the  framing  is  set  up  preparatorily  to  the 
operation  of  scribing,  must  be  set  so  as  to  support 
equally  the  superincumbent  weight,  else  the  framing 
will  spring  from  resting  unequally,  and  it  will  be  alto- 
gether impossible  to  fit  it  well     These  directions  ob- 
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Tiously  refer  exclusively  to  the  old  description  of  side 
lever  engine  with  cast  iron  framing ;  but  there  is  more 
art  in  erecting  an  engine  of  that  kind  with  accuracy, 
than  in  erecting  one  of  the  direct  action  engines,  where 
it  is  chiefly  turned  or  bored  surfaces  that  have  to  be 
dealt  with. 

720.  Q.  —  How  do  you  lay  out  the  positions  of  the 
centres  of  a  side  lever  engine  ? 

A.  —  In  fixing  the  positions  of  the  centres  in  side 
lever  engines,  it  appears  to  be  the  most  convenient 
way  to  begin  with  the  main  centre.  The  height  of 
the  centre  of  the  cross  head  at  half  stroke  above  the 
plane  of  the  main  centre  is  fixed  by  the  drawing  of 
the  engine,  which  gives  the  distance  from  the  centre 
of  cross  head  at  half  stroke  to  the  flange  of  the  cylin* 
der ;  and  from  thence  it  is  easy  to  find  the  perpen- 
dicular distance  from  the  cylinder  flange  to  the  plane 
of  the  main  centre,  merely  by  putting  a  straight  edge 
along  level,  from  the  position  of  the  main  centre  to 
the  cylinder,  and  measuring  from  the  cylinder  flange 
down  to  it,  raising  or  lowering  the  straight  edge  until 
it  rests  at  the  proper  measurement  The  main  centre 
is  in  that  plane,  and  the  fore  and  aft  position  is  to  be 
found  by  plumbing  up  from  the  centre  line  on  the  sole 
plate.  To  find  the  paddle  shaft  centre,  plumb  up  from 
the  centre  line  marked  on  the  edge  of  the  sole  plate, 
and  on  this  line  lay  off  from  the  plane  of  the  main 
centre  the  length  of  the  connecting  rod,  if  that  length 
be  already  fixed,  or  otherwise  the  height  fixed  in  the 
drawing  of  the  paddle  shaft  above  the  main  centre. 
To  fix  the  centre  for  the  parallel  motion  shaft,  when 
the  parallel  bars  are  connected  with  the  cross  head, 


522  HOW  TO  FIND  LBNGTHS  OF  BOliS. 

lay  off  from  the  plane  of  main  centre  the  length  of  the 
parallel  bar  from  the  centre  of  the  cylinder,  dedact 
the  length  of  the  radios  crank,  and  plumb  np  the  cen- 
tral line  of  motion  shaft ;  lay  off  on  this  line,  measur- 
ing from  the  plane  of  main  centre,  the  length  of  the 
side  rod ;  this  gives  the  centre  of  parallel  motion  shaft 
when  the  radius  bars  join  the  cross  head,  as  is  the 
preferable  practice  where  parallel  motions  are  used. 
The  length  of  the  connecting  rod  is  the  distance  from 
the  centre  of  the  beam  when  level,  or  the  plane  of  the 
mun  centre^  to  the  centre  of  the  paddle  shaft.     The 
length  of  the  side  rods  is  the  distance  from  the  centre 
line  of  the  beam  when  level,  to  the  centre  of  the  cross 
head  when  the  piston  is  at  half  stroke.    The  length 
of  the  radius  rods  of  the  parallel  motion  is  the  distance 
from  the  point  of  attachment  on  the  cross  head  or  side 
rod,  when  the  piston  is  at  half  stroke,  to  the  extremity 
of  the  radius  crank  when  the  crank  is  horizontal ;  or 
in  engines  with  the  parallel  motion  attached  to  the 
cross  head,  it  is  the  distance  from  the  centre  of  the 
pin  of  the  radius  crank  when  horizontal  to  the  centre 
of  the  cylinder.     Having  fixed  the  centre  of  the  pa- 
rallel motion  shaft  in  the  manner  just  described,  it 
only  remains  to  put  the  parts  together  when  the  mo- 
tion is  attached  to  the  cross  head;  but  when  the  motion 
is  attached  to  the  side  rod,  the  end  of  the  parallol  bar 
must  not  move  in  a  perpendicular  line,  but  in  an  mrc, 
the  versed  sine  of  which  bears  the  same  ratio  to  that 
of  the  side  lever,  that  the  distance  from  the  top  of  the 
side  rod  to  the  point  of  attachment  bears  to  iJie  total 
length  of  the  side  rod. 
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721.  Q. —  How  do  jou  ascertain  the  accuracy  of 
the  parallel  motion  ? 

A.  —  The  parallel  motion  when  put  in  its  place 
should  be  tested  by  raising  and  lowering  the  piston  by 
means  of  the  crane.  First,  set  the  beams  level,  and 
shift  in  or  out  the  motion  shaft  plnmmer  blocks  or 
bearings,  until  the  piston  rod  is  upright.  Then  move 
the  piston  to  the  two  extremes  of  its  motion.  If  at 
both  ends  the  cross  head  is  thrown  too  much  out,  the 
stud  in  the  beam  to  which  the  motion  side  rod  is  at- 
tached is  too  far  out,  and  must  be  shifted  nearer  to 
the  main  centre ;  if  at  the  extremities  the  cross  head 
is  thrown  too  far  in,  the  stud  in  the  beam  is  not  out 
far  enough.  If  the  cross  head  be  thrown  in  at  the 
one  end,  and  out  equally  at  the  other,  the  fault  is  in 
the  motion  side  rod,  which  must  be  lengthened  or 
shortened  to  remedy  the  defect 

722.  Q.  —  Will  you  describe  the  method  pursued 
in  erecting  oscillating  engines  ? 

A,  —  The  columns  here  are  of  wrought  iron,  and  in 
the  case  of  small  engines  there  is  a  template  made  of 
wood  and  sheet  iron,  in  which  the  holes  are  set  in  the 
proper  positions,  by  which  the  upper  and  lower  frames 
are  adjusted ;  but  in  the  case  of  large  engines,  the 
holes  are  set  off  by  means  of  trammels.  The  holes  for 
the  reception  of  the  columns  are  cast  in  the  frames, 
and  are  recessed  out  internally  :  the  bosses  encircling 
the  holes  are  made  quite  levd  across,  and  made  yery 
true  with  a  face  plate,  and  the  pillars  which  have  been 
turned  to  a  gauge  are  then  inserted.  The  top  frame 
is  next  put  on,  and  must  bear  upon  the  collars  of  the 
Golimins  so  evenly,  that  one  of  the  columns  will  not 
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be  bound  bj  it  harder  than  another.  If  this  point  be 
not  attained,  the  surfaces  must  be  further  scraped, 
until  a  perfect  fit  is  established.  The  whole  of  the 
bearings  in  the  best  oscillating  engines  are  fitted  by 
means  of  scraping,  and  on  no  other  mode  of  fitting  can 
the  same  reliance  be  placed  for  exactitude. 

723.  Q.  —  How  do  you  set  out  the  trunnions  of  os- 
cillating engines,  so  that  they  shall  be  at  right  angles 
with  the  interior  of  the  cylinder  ? 

A,  —  Having  bored  the  cylinder,  faced  the  flange, 
and  bored  out  the  hole  through  which  the  boring  bar 
passes,  put  a  piece  of  wood  across  the  mouth  of  the 
cylinder,  and  jam  it  in,  and  put  a  similar  piece  in  the 
hole  through  the  bottom  of  the  cylinder.  Mark  the 
centre  of  the  cylinder  upon  each  of  these  pieces^  and 
put  into  the  bore  of  each  trunnion  an  iron  plate,  with 
a  small  indentation  in  the  middle  to  receive  the  centre 
of  a  lathe,  and  adjusting  screws  to  bring  the  centre 
into  any  required  position.  The  cylinder  must  then 
be  set  in  a  lathe,  and  hung  by  the  centres  of  the  trun- 
nions, and  a  straight  edge  must  be  put  across  the 
cylinder  mouth  and  leyelled,  so  as  to  pass  through  the 
line  in  which  the  centre  of  the  cylinder  lies.  Another 
similar  straight  edge,  and  similarly  levelled,  must  be 
similarly  placed  across  the  cylinder  bottom,  so  as  to 
pass  through  the  central  line  of  the  cylinder ;  and  the 
cylinder  is  then  to  be  turned  round  in  the  trunnion 
centres  —  the  straight  edges  remaining  stationary, 
which  will  at  once  show  whether  the  trunnions  are  in 
the  same  horizontal  plane  as  the  centre  of  the  cylinder, 
and  if  not,  the  screws  of  the  plates  in  the  trunnions 
must  be  adjusted  until  the  central  point  of  the  cylinder 
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JQst  comes  to  the  straight  edge,  whicheYer  end  of  the 
cylinder  is  presented.  To  ascertain  whether  the  trun- 
nions stand  in  a  transverse  plane,  parallel  to  the  cylin- 
der flange,  it  is  only  necessary  to  measnre  down  from 
the  flange  to  each  trunnion  centre;  and  if  hoth  these 
conditions  are  satisfied,  the  position  of  the  centres 
may  be  supposed  to  be  right.  The  trunnion  bearings 
are  then  turned,  and  are  fitted  into  blocks  of  wood,  in 
which  they  run  while  the  packing  space  is  being  turned 
out.  Where  many  oscillating  engines  are  made,  a 
lathe  with  four  centres  is  used,  which  makes  the  use 
of  straight  edges  in  setting  out  the  trunnions  super- 
fluous. 

724.  Q.  —  Will  you  explain  how  the  slide  valye  of 
a  marine  engine  is  set  ? 

'A. —  Place  the  crank  in  the  position  corresponding 
to  the  end  of  the  stroke,  which  can  easily  be  done  in 
the  shop  with  a  level,  or  plumb  line ;  but  in  a  steam 
vessel  another  method  becomes  necessary.  Draw  the 
transverse  centre  line,  answering  to  the  centre  line  of 
the  crank  shaft,  on  the  sole  plate  of  the  engine,  or  on 
the  cylinder  mouth  if  the  engine  be  of  the  direct  action 
kind ;  describe  a  circle  of  the  diameter  of  the  crank 
{)in  upon  the  large  eye  of  the  citmk,  and  mark  off  on 
either  side  of  the  transverse  centre  line  a  distance 
equal  to  the  semi-diameter  of  the  crank  pin.  From 
the  point  thus  found,  stretch  a  line  to  the  edge  of  the 
circle  described  on  the  large  eye  of  the  crank,  and 
bring  round  the  crank  shaft  till  the  crank  pin  touches 
the  stretched  line ;  the  crank  may  thus  be  set  at  either 
end  of  its  stroke.  When  the  crank  is  thus  placed  at 
the  end  of  the  stroke,  the  valve  mu3t  be  adjusted  so  as 
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to  bave  the  amount  of  lead,  or  opemng  on  the  steam 
sidci  which  it  is  intended  to  give  at  the  beginning  of 
the  stroke ;  the  eccentric  must  then  be  tamed  ronnd 
upon  the  shaft  until  the  notch  in  the  eecentric  rod 
comes  opposite  the  pin  on  the  valve  lever,  and  falls 
into  gear :  mark  upon  the  shaft  the  situation  of  the 
eccentric,  and  put  on  the  catches  in  the  usual  way. 
The  same  process  must  be  repeated  for  going  astern, 
shifting  round  the  eccentric  to  the  opposite  side  of  the 
shaft,  until  the  rod  again  fklb  into  gear.  In  setting 
valves,  regard  must  of  course  be  had  to  the  kind  of 
engine,  the  arrangement  of  the  levers,  and  the  kind  of 
valve  employed  ;  and  in  any  general  instructions  it  is 
impossible  to  specify  every  modification  in  the  proce- 
dure that  circumstances  may  render  advisable. 

725.  Q. —  Is  a  similar  method  of  setting  the  valve 
adopted  when  the  link  motion  is  employed* 

A.  — Each  end  of  the  link  of  the  link  modem  bag 
the  kind  of  motion  communicated  to  it  that  is  due  to 
the  action  of  the  particular  eccentric  with  which  that 
end  is  in  connection.  In  that  form  of  the  link  motion 
in  which  the  link  itself  is  moved  up  or  down,  there  is 
a  different  amount  of  lead  for  each  diflerent  position 
of  the  link,  since  to  raise  or  lower  the  link  is  tanta- 
mount  to  turning  the  eccentric  round  on  the  shaft.  In 
that  form  of  the  link  motion  in  which  the  link  itself  is 
not  raised  or  lowered,  but  is  susceptible  of  a  motion 
round  a  centre  in  the  manner  of  a  double  ended  lever, 
the  lead  continues  uniform.  In  both  forms  of  the  link 
motion,  as  the  stroke  of  the  valve  may  be  varied  to 
any  required  extent  while  the  lap  is  a  constant  quan- 
tity, the  proportion  of  the  lap  relatively  to  the  stroke 
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of  tho  valve  may  also  be  varied  to  any  required  ex- 
tentt  and  the .  amoont  of  the  lap  reUitivelj  with  the 
stroke  of  the  valve  determines  the  amount  of  the  ex- 
pansion. In  setting  the  valve  when  fitted  with  the 
link  motion,  the  mode  of  procedure  is  miich  the  same 
as  when  it  is  moved  bj  a  simple  eccentric  The  first 
thing  is  to  determine  if  the  eccentric  rods  are  of  the 
proper  length,  and  this  is  done  bj  setting  the  valve  at 
half  stroke  and  turning  round  the  eccentric,  marking 
each  extremity  of  the  travel  of  the  end  of  the  rod. 
The  valve  attachment  should  be  midway  between 
these  extremes;  and  if  it  is  not  so,  it  must  be  made  so 
by  lengthening  or  shortening  the  rod.  The  forward 
and  backward  eccentric  rods  are  to  be  adjusted  in  this 
way,  and  this  being  done,  the  engine  is  to  be  put  to 
the  end  of  the  stroke,  and  the  eccentric  is  to  be  turned 
round  until  the  amount  of  lead  has  been  given  that  is 
desired.  The  valve  must  be  tried  by  turning  the  en« 
gine  round  to  see  that  it  is  right  at  both  centres,  for 
going  ahead  and  also  for  going  astern.  In  some  ex- 
amples of  the  link  motion,  one  of  the  eccentric  rods  is 
made  a  little  longer  than  the  other,  and  the  position  of 
the  point  of  suspension  or  point  of  support  powerfully 
infiuences  the  action  of  the  link  in  certain  cases,  espe- 
cially if  the  link  and  this  point  are  not  in  the  same 
vertical  line.  To  reconcile  all  the  conditions  proper 
to  the  satisfactory  operation  of  the  valve  in  the  con- 
struction of  the  link  motion,  is  a  problem  requiring  a 
good  deal  of  attention  and  care  for  its  satisfactory  so- 
lution ;  and  to  make  sure  that  this  result  is  attained, 
the  engine  must  be  turned  round  a  sufficient  number 
of  times  to  enable  us  to  ascertain  if  the  valve  occupies 
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the  desired  positioo,  both  at  the  top  and  bottom  cen- 
tres, whether  the  engine  is  going  ahead  or  astern. 
This  should  also  be  tried  with  the  starting  handle  in 
the  different  notches,  or,  in  other  words^  with  the 
sliding  block  in  the  slot  or  opening  of  the  link  in  dif- 
ferent positions. 


MANAGEMENT  OF  MARINE  BOILERS. 

726.  Q.  —  You  have  already  stated  that  the  forma- 
tion of  salt  or  scale  in  marine  boilers  is  to  be  prevented 
bj  blowing  out  into  the  sea  at  frequent  intervals  a 
portion  of  the  concentrated  water.  Will  you  now 
explain  how  the  proper  quantity  of  water  to  be  blovm 
out  is  determined  ? 

A,  —  By  means  of  the  salinometer,  which  is  an  in- 
strument for  determining  the  density  of  the  water, 
constructed  on  the  principle  of  the  hydrometer  for 
telling  the  strength  of  spirits.  Some  of  the  water  is 
drawn  off  from  the  boiler  from  time  to  time,  and  the 
salinometer  is  immersed  in  it  after  it  has  been  cooled. 
By  the  graduations  of  the  salinometer  the  saltness  of 
this  water  is  at  once  discovered ;  and  if  the  saltness 
exceeds  8  ounces  of  salt  in  the  gallon,  more  water 
should  be  blown  out  of  the  boiler  to  be  replenished 
with  fresher  water  from  the  sea,  until  the  prescribed 
limit  of  freshness  is  attained.  Should  the  salinometer 
be  accidentally  broken,  a  temporary  one  may  be  con- 
structed of  a  phial  weighted  with  a  few  grains  of  shot 
or  other  convenient  weight  The  weighted  phial  is 
ilrst  to  be  floated  in  fresh  water,  and  its  line  of  floata- 
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tion  marked ;  then  to  be  floated  in  salt  water,  and  its 
line  of  floatation  marked ;  and  another  mark  of  an 
equal  height  above  the  salt  water  mark  will  be  the 
blow  off  point. 

727.  Q.-— How  ofltoB  should  boilers  be  blown  off  in 
order  to  keep  them  free  from  incrustation  ? 

A, — Flue  boilers  generally  require  to  be  blown 
off  about  twice  every  watch,  or  about  twice  in  the 
four  hours;  but  tubular  boilers  may  require  to  be 
blown  off  once  every  twenty  minutes,  and  such  an 
amount  of  blowing  off  should  in  every  case  be  adopted, 
as  will  effectually  prevent  any  injurious  amount  of  in- 
crustation. 

728.  Q. — ^In  the  event  of  scale  accumulating  on  the 
flues  of  a  boiler,  what  is  the  best  way  of  removing  it  ? 

A.  —  If  the  boilers  require  to  be  sealed,  the  best 
method  of  performing  the  operation  appears  to  be  the 
following :  —  Lay  a  train  of  shavings  along  the  flues, 
open  the  safety  valve  to  prevent  the  existence  of  any 
pressure  within  the  boiler,  and  light  the  train  of 
shavings,  which,  by  expanding  rapidly  the  metal  of 
the  flues,  while  the  scale,  from  its  imperfect  ecmdnct- 
ing  power,  can  only  expand  slowly,  will  crack  off  the 
scale;  by  washing  down  the  flues  with  a  hose,  the 
scale  will  be  carried  to  the  bottom  of  the  boiler,  or 
issue,  with  the  water,  from  the  mud*hole  doors.  This 
method  of  scaling  must  be  practised  only  by  the  en- 
gineer himself,  and  must  not  be  entrusted  to  the  fire- 
men, who,  in  their  ignorance,  might  damage  the  boiler 
by  overheating  the  plates.  It  is  only  where  the  in- 
crustation upon  the  flues  is  considerable  that  this 
method  of  removing  it  need  be  practised ;  in  partial 
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cases  the  scale  may  be  chipped  off  bj  a  hatchet-faced 
hammer,  and  the  flues  may  then  be  washed  down  with 
the  hose  in  the  manner  before  described. 

729.  Q. — Should  the  steam  be  let  outof  the  boiler, 
after  it  has  blown  out  the  water,  when  the  engine  is 
stopped  ? 

A, — No;  it  is  better  to  retain  the  steam  in  the 
boiler^  as  the  heat  and  moisture  it  occasions  softens 
any  scale  adhering  to  the  boiler^  and  causes  it  to  peel 
off.  Care  must,  howerer,  be  taken  not  to  form  a 
vacuum  in  the  boiler ;  and  the  gauge  conks,  if  opened, 
will  prerent  this. 

730.  Q. — Are  tubular  boilers  liable  to  the  forma- 
tion of  scale  in  certain  places,  though  generallj  free 
from  it  ? 

A. — In  tubular  boilers  a  good  deal  of  care  is  re- 
quired to  prevent  the  ends  of  the  tubes  next  the 
furnace  from  becoming  coated  with  scale.  Even  when 
the  boiler  is  tolerably  clean  in  other  places  the  scale 
will  collect  here ;  and  in  many  cases  where  the  amount 
of  blowing  off  previously  found  to  suffice  for  flue 
boilers  has  been  adopted,  an  incrustation  five-eighths 
of  an  inch  in  thickness  has  formed  in  twelve  months 
round  the  furnace  ends  of  the  tubes,  and  the  stony 
husks  enveloping  them  have  actually  grown  together 
in  some  parts  so  as  totally  to  exclude  the  water. 

731.  Q.-^  When  a  tubular  boiler  gets  incrusted  in 
the  manner  yon  have  described,  what  is  the  best  ooorse 
to  be  adopted  for  the  removal  of  the  scale  ? 

A, — When  a  boiler  gets  into  this  state  the  whole  of 
the  tubes  must  be  pulled  out,  which  may  be  done  by  a 
Spanish  windlass  combined  with  a  pair  of  blocks ;  and 
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three  men,  when  thus  provided,  will  be  able  to  draw 
out  from  50  to  70  tubes  per  daj, — those  tubes  with 
the  thickest  and  firmest  incrustations  being,  of  course, 
the  most  difficult  to  remove.  The  act  of  drawing  out 
the  tubes  removes  the  incrustation;  but  the  tubes 
should  afterwards  be  scraped  bj  drawing  them  back- 
wards and  forwards  between  two  old  files,  fixed  in  a 
vice,  in  the  form  of  the  letter  V.  The  ends  of  the 
tubes  should  then  be  heated  and  dressed  with  the 
hammer,  and  plunged  while  at  a  blood  heat  into  a  bed 
of  sawdust  to  make  them  cool  soft,  so  tha,t  thej  may 
be  riveted  again  with  facility.  A  few  of  the  tubes 
will  be  so  far  damaged  at  the  ends  by  the  act  of  draw- 
ing them  out,  as  to  be  too  short  for  reinsertion :  this 
result  might  be  to  a  considerable  extent  obviated  by 
setting  the  tube  plates  at  different  angles,  so  that  the 
several  horizontal  rows  of  tubes  would  not  be  origi- 
nally of  the  same  lengthy  and  the  damaged  tubes  of  the 
long  rows  would  serve  to  replace  the  short  ones ;  but 
the*  practice  would  be  attended  with  other  incon- 
veniences. 

732.  Q. — Is  there  no  other  means  of  keeping 
boilers  free  from  scale  than  by  blowing  off? 

A.  —  Muriatic  add,  or  muriate  of  ammonia,  com- 
monly called  sal-ammoniac,  introduced  into  a  boiler, 
prevents  scale  to  a  great  extent;  but  it  is  liable  to 
corrode  the  boiler  internally,  and  also  to  damage  the 
engine,  by  being  carried  over  with  the  steam ;  and  the 
use  of  sudi  intermixtures  does  not  appear  to  be  neces- 
sary, if  blowing  off  from  the  surface  of  the  water  is 
largely  practised.    In  old  boilers,  however,  already 
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incrasted  with  scale,  the  use  of  moriate  of  ammonia 
may  sometimes  be  advantageous. 

733.  Q. — Are  not  the  tubes  of  tubular  boilers 
liable  to  be  choked  up  by  deposits  of  soot  ? 

A» — The  soot  which  collects  in  the  inside  of  the 
tubes  of  tubular  boilers  is  removed  by  means  of  a 
brush,  like  a  large  bottle  brush;  and  the  carbooaeeoas 
scale,  which  remains  adhering  to  the  interior  of  the 
tubes,  is  removed  by  a  circular  scraper.  Ferules  in 
the  tubes  interfere  with  the  action  of  this  scraper,  and 
in  the  case  of  iron  tubes  ferules  are  now  generally  dis- 
carded; but  it  will  sometimes  be  necessary  to  use 
ferules  for  iron  tubes,  where  the  tubes  have  been 
drawn  and  reinserted,  as  it  may  be  difficult  to  refix 
the  tubes  without  such  an  auxiliary.  Tubes  one*tenth 
of  an  inch  in  thickness  are  too  thin :  one-eighth  of 
an  inch  is  a  better  thickness,  and  such  tubes  will 
better  dispense  with  the  use  of  ferules^  and  will  not  so 
soon  wear  into  holes. 

734.  Q. — J£  the  furnace  or  Hue  of  a  boiler  be  in- 
jured, how  do  you  proceed  to  repair  it  ? 

A. — If  from  any  imperfection  in  the  roof  of  a 
furnace  or  flue  a  patch  requires  to  be  put  upoo  it^  it 
will  be  better  to  let  the  patch  be  applied  upon  the 
upper,  rather  than  upon  the  lower,  surface  of  the 
plate ;  as  if  applied  within  the  furnace  a  recess  will 
be  formed  for  the  lodg^nent  of  deposit^  which  will 
prevent  the  rapid  transmission  of  the  heat  in  that 
part;  and  the  iron  will  be  very  Mable  to  be  again 
burned  away.  A  crack  in  a  plate  may  be  closed  by 
boring  holes  in  the  direction  of  die  crack,  and  insert- 
ing rivets  with  large  heads,  so  as  to  cover  up  the  im- 
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perfection  If  the  top  of  the  furnace  be  bent  down, 
from  the  boiler  having  been  accidentally  allowed  to 
get  short  of  water,  it  niay  be  set  np  again  by  a  screw 
jack, — a  fire  of  wood  having  been  previously  made 
beneath  the  injured  plate ;  but  it  will  in  general  be 
nearly  as  expeditious  a  course  to  remove  the  plate  and 
introduce  a  new  one,  and  the  result  will  be  more 
satisfactory. 

735.  Q, — In  the  case  of  the  chimney  being  carried 
away  by  shot  or  otherwise,  what  course  would  you 
pursue  F 

A. — In  some  cases  of  collision,  the  funnel  is  carried 
away  and  lost  overboard,  and  such  cases  are  among  the 
most  difficult  for  which  a  remedy  can  be  sought.  If 
flame  come  out  of  the  chimney  when  the  funnel  is 
knocked  away,  so  as  to  incur  the  risk  of  setting  the 
ship  on  fire,  the  uptake  of  the  boiler  must  be  covered 
over  with  an  iron  plate,  or  be  sufficiently  covered  to 
prevent  such  injury.  A  temporary  chimney  must 
then  be  made  of  such  materials  as  are  on  board  the 
ship.  If  there  are  bricks  and  clay  or  lime  on  board, 
a  square  chimney  may  be  built  with  them,  or,  if  there 
be  sheet  iron  plates  on  board,  a  square  chimney  may 
be  constructed  of  them.  In  the  absence  of  such  mate- 
rials, the  awning  stanchions  ,may  be  set  up  round  the 
chimney,  and  chain  rove  in  through  among  them  in 
the  manner  of  wicker  work,  so  as  to  make  an  iron 
wicker  chimney,  which  may  then  be  plastered  outside 
with  wet  ashes  mixed  with  day,  flour,  or  any  other 
material  that  will  give  the  ashes  cohesion.  War 
steamers  should  carry  short  spare  funnels,  which  may 
easily  be  set  up  should  the  original  funnel  be  shot 
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away ;  and  if  a  jet  of  steam  be  let  into  the  chimney,  a 
very  short  and  small  funnel  will  suffice  for  the  purpose 
of  draught. 


MANiGEHENT  OF  MABIKE  ENGINES. 

736.  Q.  —  What  are  the  most  important  of  the 
points  which  suggest  themselves  to  you  in  connection 
with  the  management  of  marine  engines? 

A> — The  attendants  upon  engines  should  prepare 
themselves  for  any  casuaJty  that  may  arise,  by  con- 
sidering possible  cases  of  derangement,  and  deciding 
in  what  way  they  would  act  should  certain  accidents 
occur.  The  course  to  be  pursued  must  have  reference 
to  particular  engines,  and  no  general  rules  can  tbere* 
fore  be  given ;  but  every  marine  engineer  should  be 
prepared  with  the  measures  to  be  pursued  in  the 
emergencies  in  which  he  may  be  called  upon  to  act, 
and  where  everything  may  depend  upon  his  energy 
and  decision. 

737.  Q. — What  is  the  first  point  of  a  marine 
engineer's  duty? 

A»  —  The  safe  custody  of  the  boiler.  He  mast 
see  that  the  feed  is  main^ined^  being  neither  too  high 
nor  too  low,  and  that  blowing  out  the  superaalted 
water  is  practised  sufficiently.  The  saltness  of  the 
water  at  every  half  hour  should  be  entered  in  the  log- 
book, together  with  the  pressure  of  steam,  number  of 
revolutions  of  the  engine,  and  any  other  particulars 
which  have  to  be  recorded.  The  economical  use  of 
the  fuel  is  another  matter  which  should  receive 
particular  attention.    If  the  coal  is  very  amai^  it 
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should  be  wetted  before  being  put  on  the  fire.  Next 
to  the  safety  of  the  boiler,  the  bearings  of  the  engine 
are  the  most  important  consideration.  These  points^ 
indeed^  constitute  the  main  parts  of  the  duty  of  an 
engineer,  supposing  no  accident  to  tiie  machinery  to 
have  taken  place. 

738.  Q.  —  If  the  eccentric  catches  or  hoops  were 
disabled,  how  would  you  work  the  valye  ? 

A,  —  If  the  eccentric  catches  or  hoops  break  or 
come  off,  and  the  damage  cannot  readily  be  repaired, 
the  valve  may  be  worked  by  attaching  the  end  of  the 
starting  handle  to  any  convenient  part  of  the  other 
engine,  or  to  some  part  in  connection  with  the  connect* 
ing  rod  of  the  same  engine.  In  side  lever  engines, 
with  the  starting  bar  hanging  from  the  top  of  the 
diagonal  stay,  as  is  a  very  common  arrangement,  the 
valve  might  be  wrought  by  leading  a  rope  from  the 
Bide  lever  of  the  other  engine  through  blocks,  so  as  to 
give  a  horizontal  pull  to  the  hanging  starting  bar,  and 
the  bar  could  be  brought  back  by  a  weight  Another 
plan  would  be,  to  lash  a  piece  of  wood  to  the  cross  tail 
butt  of  the  damaged  engine,  so  as  to  obtain  a  sufficient 
throw  for  working  the  valve,  and  then  to  lead  a  piece 
of  wood  or  iron^  trom  a  suitable  point  in  the  piece  of 
wood  attached  to  the  cross  tail,  to  the  starting  handle, 
whereby  the  valve  would  receive  its  proper  motion. 
In  oscillating  engines  it  is  easy  to  give  the  required 
motion  to  theyalve,  by  deriving  it  from  the  oscillation 
of  the  cylinder. 

739.  Q.  —  What  would  you  do  if  a  crank  pin 
broke? 

^.— If  the  crank  pin  breaks  in  a  paddle  vessel 
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with  two  engineSy  the  other  engine  most  be  made  to 
woriL  one  wheeL  In  a  screw  vessel  the  same  course 
maj  be  pursaed,  provided  the  broken  crank  is  not  the 
one  through  which  the  force  of  the  other  engine  is 
communicated  to  the  screw.  In  such  a  case  the  vessel 
will  be  as  much  disabled  as  if  she  broke  the  screw 
shaft  or  screw. 

740.  Q.— Will  the  unbroken  engine,  in  the  case  of 
disarrangement  of  one  of  the  two  engines  of  a  screw  or 
paddle  vessel,  be  able  of  itself  to  turn  the  centre  ? 

A. — It  will  sometimes  happen,  when  there  is  mnch 
lead  upon  the  slide  valve,  that  the  single  engine,  on 
being  started,  cannot  be  got  to  turn  the  centre  if  there 
be  a  strong  opposing  wind  and  sea ;  the  piston  going 
up  to  near  the  end  of  the  stroke,  and  then  coming 
down  again  without  the  cranio  being  able  to  turn  the 
centre.  In  such  cases,  it  will  be  necessary  to  tarn  the 
vesseFs  head  sufficiently  from  the  wind  to  enable  some 
sail  to  be  set ;  and  if  once  there  is  weigh  got  upon  the 
vessel  the  engine  will  begin  to  work  properly,  and 
will  continue  to  do  so  though  the  vessel  be  pat  head 
to  wind  as  before. 

741.  Q.  —  What  should  be  done  if  a  crack  shows 
itself  in  any  of  the  shafts  or  cranks  ? 

A,  —  K  the  shafts  or  cranks  crack,  the  engine  may 
nevertheless  be  worked  with  moderate  pressure  to 
bring  the  vessel  into  port ;  but  if  the  crack  be  very 
bad,  it  will  be  expedient  to  fit  strong  blocks  of  wood 
under  the  ends  of  the  side  levers,  or  other  suitable 
part,  to  prevent  the  cylinder  bottom  or  cover  from 
being  knocked  out,  should  the  damaged  part  give 
way.     The  same  remark  is  applicable  when  flaws  are 


AND  PBOYIDE  FOB  YAJUOUS  ACGIDBNTS.     537 

discoYered  in  anj  of  the  main  parts  of  the  engine, 
whether  they  be  malleable  or  cast  iron ;  but  they  must 
be  carefully  watched,  so  that  the  engines  may  be 
stopped  if  the  crack  is  extending  further.  Should 
fracture  occur,  the  first  thing  obviously  to  be  done  is 
to  throw  the  engines  out  of  gear ;  and  should  there  be 
much  weigh  on  the  Ycssel,  the  steam  should  at  once 
be  thrown  on  the  reverse  side  of  the  piston,  so  as  to 
counteract  the  pressure  of  the  paddle  wheeL 

742.  Q.  —  HaYe  you  any  information  to  offer  rela- 
tiYe  to  the  lubrication  of  engine  bearings  ? 

A.  —  A  very  useful  species  of  oil  cup  is  now 
employed  in  a  number  of  steam  vessels,  and  which,  it 
is  said,  accomplishes  a  considerable  saving  of  oil,  at 
the  same  time  that  it  more  effectually  lubricates  the 
bearings.  A  ratchet  wheel  is  fixed  upon  a  little  shaft 
which  passes  through  the  side  of  the  oil  cup,  and  is 
put  into  slow  revolution  by  a  pendulum  attached  to 
its  outside,  and  in  revolving  it  lifts  up  little  buckets 
of  oil  and  empties  them  down  a  funnel  upon  the 
centre  of  the  bearing.  Instead  of  buckets  a  few  short 
pieces  of  wire  are  sometimes  hung  on  the  internal 
revolving  wheel,  the  drops  of  oil  which  adhere  on 
rising  from  the  liquid  being  deposited  upon  a  high 
part  set  upon  the  funnel,  and  which,  in  their  revolu- 
tion, the  hanging  wires  touch.  By  this  plan,  how- 
ever, the  oil  is  not  well  supplied  at  slow  speeds,  as 
the  drops  fall  before  the  wires  are  in  the  proper 
position  for  feeding  the  joumaL  Another  lubricator 
consists  of  a  cock  or  plug  inserted  in  the  neck  of  the 
oil  cup,  and  set  in  rcYolution  by  a  pendulum  and 
ratchet  wheel,  or  any  other  means.     There  is  a  small 
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carity  in  one  side  of  the  plug  which  is  filled  with  oil 
when  that  side  is  uppermost^  and  delivers  the  oil 
through  the  bottom  pipe  when  it  comes  opposite  to  it. 

748.  Q. — What  are  the  prevailing  causes  of  the 
heating  of  bearings  ? 

A. — Bad  fitting,  deficient  surface^  and  too  tight 
screwing  down.  Sometimes  the  oil  hole  will  choke, 
or  the  syphon  wick  for  conducting  the  oil  from  the 
oil  cup  into  the  central  pipe  leading  to  the  bearing 
will  become  clogged  with  mucilage  from  the  oiL  In 
some  cases  bearings  heat  from  the  existence  of  a 
cruciform  groove  on  the  top  brass  for  the  distribution 
of  the  oil,  the  efiect  of  which  is  to  leave  the  top  of  the 
bearings  dry.  In  the  case  of  revolving  journals  the 
plan  for  cutting  a  cruciform  channel  for  the  distribu- 
tion of  the  oil  does  not  do  much  damage  ;  but  in 
other  cases,  as  in  beam  journals,  for  instance*  it  is 
most  injurious,  and  the  brasses  cannot  wear  well 
wherever  the  plan  is  pursued.  The  right  way  is  to 
make  a  horizontal  groove  along  the  brass  where  it 
meets  the  upper  surface  of  the  bearing,  so  that  the 
oil  may  be  all  deposited  on  the  highest  point  of  the 
journal,  leaving  the  force  of  gravity  to  send  it  down- 
wards. This  channel  should,  of  course,  stop  short  a 
small  distance  from  each  flange  of  the  brass,  other- 
wise the  oil  would  run  out  at  the  ends. 

744.   Q.  —  If  a  bearing  heats,  what  is  to  be  done  ? 

A,  —  The  first  thing  is  to  relax  the  screws,  slow  or 
stop  the  engine,  and  cool  the  bearing  with  water,  and 
if  it  is  very  hot,  then  hot  water  may  be  first  employed 
to  cool  it,  and  then  cold.  Oil  with  sulphur  inter- 
mingled is  then  to  be  administered,  and  as  the  parts 
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cool  down,  the  screws  may  be  again  cautiously 
tightened,  so  as  to  take  any  jump  off  the  engine  from 
the  bearing  being  too  slack.  The  bearings  of  direct 
acting  screw  engines  require  constant  watching,  as,  if 
there  be  any  disposition  to  heat  manifested  by  them, 
they  will  probably  heat  with  great  rapidity  from  the 
high  velocity  at  which  the  engines  work.  Every 
bearing  of  a  direct  acting  screw  engine  should  have  a 
cock  of  water  laid  on  to  it,  which  may  be  immediately 
opened  wide  should  heating  occur;  and  it  is  advisable  to 
work  the  engine  constantly,  partly  with  water,  and'partly 
with  oil  applied  to  the  bearings.  The  water  and  oil 
are  mixed  by  the  friction  into  a  species  of  soap,  which 
both  cools  and  lubricates,  and  less  oil  moreover  is 
used  than  if  water  were  not  employed.  It  is  proper 
to  turn  off  the  water  some  time  before  the  engine  is 
stopped,  so  as  to  prevent  the  rusting  of  the  bearings. 


HAKA6EMENT  OF  LOCX>M0TIVES. 

745.  Q.  —  What  are  the  chief  duties  of  the  engine 
driver  of  a  locomotive  ? 

A.  —  His  first  duties  are  those  which  concern  the 
safety  of  the  train  ;  his  next  those  which  concern  the 
safety  and  right  management  of  the  engine  and  boiler. 
The  engine  driver's  first  solicitude  should  be  relative 
to  the  observation  and  right  interpretation  of  the 
signals ;  and  it  is  only  after  these  demands  upon  his 
attention  have  been  satisfied^  that  he  can  look  to  the 
state  of  his  engine. 
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746.  Q.  —  As  regards  the  engine  and  boiler,  what 
should  his  main  duties  be  ? 

A.  —  The  engineer  of  a  locomotive  should  con- 
stantly be  upon  the  foot  board  of  the  engine,  ao  that 
the  regulator,  the  whistle,  or  the  reversing  handle 
maj  be  used  instantly,  if  necessary ;  he  must  see  that 
the  level  of  the  water  in  the  boiler  is  duly  main- 
tained, and  that  the  steam  is  kept  at  a  uniform 
pressure.  In  feeding  the  boilers  with  water,  and  the 
furnaces  with  fuel,  a  good  deal  of  care  and  some  tact 
is  necessary,  as  irregularity  in  the  production  of 
steam  will  often  occasion  priming,  even  though  the 
water  be  maintained  at  a  uniform  level;  and  an 
excess  of  water  will  of  itself  occasion  priming,  while 
a  deficiency  is  a  source  of  obvious  danger.  The 
engine  is  generally  furnished  with  three  gauge  cocks, 
and  water  should  always  come  out  of  the  second 
gauge  cock,  and  steam  out  of  the  top  one  when  the 
engine  is  running :  but  when  the  engine  is  at  rest, 
the  water  in  the  boiler  is  lower  than  when  in  motion, 
so  that  when  the  engine  is  at  rest,  the  water  will  be 
high  enough  if  it  just  reaches  to  the  middle  gauge 
cock.  In  all  boilers  which  generate  steam  rapidly, 
the  volume  of  the  water  is  increased  by  the  mingled 
steam,  and  in  feeding  with  cold  water  the  level  at 
first  falls ;  but  it  rises  on  opening  the  safety  valve. 
which  causes  the  steam  in  the  water  to  swell  to  a 
larger  volume.  In  locomotive  boilers,  the  rise  of  the 
water  level  due  to  the  rapid  generation  of  steam  is 
termed  "false  water.**  To  economise  fuel,  the  vari- 
able expansion  gear,  if  the  engine  has  one,  should  be 
adjusted  to  the  load,  and  the  blast  pipe  should  be 
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worked  with  the  least  possible  contraction;  and  at 
stations  the  damper  should  be  closed  to  prevent  the 
dissipation  of  heat. 

747.  Q.-^In  starting  from  a  station,  what  pre- 
cautions should  be  observed  with  respect  to  the  feed  ? 

A. — In  starting  from  a  station,  and  also  in  ascend- 
ing inclined  planes,  the  feed  water  is  generally  shut 
off;  and  therefore  before  stopping  or  ascending  in- 
clined planes^  the  boiler  should  be  well  filled  up  with 
water.  In  descending  inclined  planes  an  extra  supply 
of  water  may  be  introduced  into  the  boiler,  and  the 
fire  may  be  fed,  as  there  is  at  such  times  a  super- 
fluity of  steam.  In  descending  inclined  planes  the 
regulator  must  be  partially  closed,  and  it  should  be 
entirely  closed  if  the  plane  be  very  steep.  The  same 
precaution  should  be  observed  in  the  case  of  curves, 
or  rough  pkces  on  the  line,  and  in  passing  over  points 
or  crossings. 

748.  Q.  —  In  approaching  a  station  how  should 
the  supply  of  water  and  fuel  be  regulated  ? 

A.  —  The  boiler  should  be  well  filled  with  water  on 
approaching  a  station,  as  there  is  then  steam  to  spare, 
and  additional  water  cannot  be  conveniently  supplied 
when  the  engine  is  stationary.  The  furnace  should 
be  fed  with  small  quantities  of  fuel  at  a  time»  and  the 
feed  should  be  turned  off  just  before  a  fresh  supply  of 
fuel  is  introduced.  The  regulator  may,  at  the  same 
time,  be  partially  closed ;  and  if  the  blast  pipe  be  a 
variable  one,  it  will  be  expedient  to  open  it  widely 
while  the  fuel  is  being  introduced,  to  check  the  rush 
of  air  in  through  the  furnace  door,  and  then  to 
contract  it  very  much  so  «ioon  as  the  furnace  door  is 
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closed,  in  order  to  recover  the  fire  quickly.  The 
proper  thickness  of  coke  upon  the  grate  depends  upon 
the  intensity  of  the  draught;  but  in  heavily  loaded 
engines  it  is  usually  kept  up  to  the  bottom  of  the  fire 
door.  Care,  however^  must  be  taken  that  the  coke 
does  not  reach  up  to  the  bottom  tow  of  tubes  so  as  to 
choke  them  up.  The  fuel  is  usually  disposed  on  the 
grate  like  a  vault ;  and  if  the  fire  box  be  a  square 
one,  it  is  heaped  high  in  the  comers,  the  better  to 
maintain  the  combustion. 

749.  Q.  —  How  can  you  tell  whether  the  feed 
pumps  are  operating  properly  ? 

A.  —  To  ascertain  whether  the  pumps  are  acting 
well,  the  pet  cock  must  be  turned,  and  if  any  of  the 
valves  stick  they  will  sometimes  be  induced  to  act 
again  by  working  with  the  pet  cock  open,  or  alter- 
nately open  and  shut  Should  the  defect  arise  from  a 
leakage  of  steam  into  the  pump,  which  prevents  the 
pump  from  drawing,  the  pet  cock  remedies  the  evil 
by  permitting  the  steam  to  escape. 

750.  Q.  —  What  precautions  should  be  taken  against 
priming  in  locomotives  ? 

A.  —  Should  priming  occur  from  the  water  in  the 
boiler  being  dirty,  a  portion  of  it  may  be  blown  out ; 
and  should  there  be  much  boiling  down  through  the 
glass  gauge  tube  the  stop  cock  may  be  partially  closed. 
The  water  should  be  whoUy  blown  out  of  locomotive 
boilers  three  times  a-week,  and  at  those  times  two 
mud-hole  doors  at  opposite  corners  of  the  boiler  should 
be  opened,  and  the  boiler  be  washed  internally  by 
means  of  ^  hose.    If  the  boiler  be  habitually  fed  with 
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dirtj  water,  the  priming  will  be  a  constant  source  of 
trouble. 

751.  Q.  —  What  measures  should  the  locomotive 
engineer  take,  to  check  the  velocity  of  the  train,  on 
approaching  a  station  where  he  has  to  stop  ? 

A. — On  approaching  a  station  the  regulator  should 
be  gradually  closed,  and  it  should  be  completely  shut 
about  half  a  mile  from  the  station  if  the  train  be  a 
very  heavy  one :  the  train  may  then  be  brought  to 
rest  by  means  of  the  breaks.  Too  much  reliance, 
however,  must  not  be  put  upon  the  breaks,  as  they 
sometimes  give  way,  and  in  frosty  weather  are  nearly 
inoperative.  In  cases  of  urgency  the  steam  may  be 
thrown  upon  the  reverse  side  of  the  piston,  but  it  is 
desirable  to  obviate  this  necessity  as  far  as  possible. 
At  terminal  stations  the  steam  should  be  shut  off 
earlier  than  at  roadside  stations,  as  a  collision  will 
take  place  at  terminal  stations  if  the  train  overshoots 
the  place  where  it  ought  to  stop.  There  should 
always  be  a  good  supply  of  water  when  the  engine 
stops,  but  the  fire  may  be  suffered  gradually  to  burn 
low  towards  the  conclusion  of  the  journey. 

752.  Q.  —  What  is  the  duty  of  an  engine  man  on 
arriving  at  the  end  of  his  journey  ? 

A,  —  So  soon  as  the  engine  stops  it  should  be 
wiped  down,  and  be  then  carefully  examined:  the 
brasses  should  be  tried,  to  see  whether  they  are  slack 
or  have  been  heating ;  and,  by  the  application  of  a 
gauge,  it  should  be  ascertained  occasionally  whether 
the  wheels  are  square  on  their  axles,  and  whether  the 
axles  have  end  play,  which  should  be  prevented.  The 
stuffing  boxes  must  be  tightened,  and  the  valve  gear 
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examined,  and  the  eccentrics  be  occasionailj  looked  at 
to  see  that  they  have  not  shifted  on  their  axles,  thoogh 
this  defect  will  be  generally  intimated  by  the  irregular 
beating  of  the  engines.  The  tubes  should  also  be 
examined  and  cleaned  out,  and  the  ashes  emptied  out 
of  the  smoke  box  through  the  small  ash  door  at  the 
end.  If  the  engine  be  a  six-wheeled  one,  with  the 
driying  wheels  in  the  middle,  it  will  be  liable  to  pitch 
and  oscillate  if  too  much  weight  be  thrown  upon  the 
driving  wheels ;  and  where  such  faults  are  found  to 
exist,  the  weight  upon  the  driving  wheels  should  be 
diminished.  The  practice  of  blowing  off  the  boiler 
by  the  steam,  as  is  always  done  in  marine  boilers, 
should  not  be  permitted  as  a  general  rule  in  loco- 
motive boilers,  when  the  tubes  are  of  brass  and  the 
fire  box  of  copper ;  but  when  the  tubes  and  fire  boxes 
are  of  iron,  there  will  not  be  an  equal  risk  of  injury. 
Before  starting  on  a  journey,  the  engine  man  should 
take  a  summary  glance  beneath  the  engine — but 
before  doing  so  he  ought  to  assure  himself  that  no 
other  engine  is  coming  up  at  the  time.  The  regu- 
lator, when  the  engine  is  standing,  should  be  dosed 
and  locked,  and  the  eccentric  rod  be  fixed  out  of  gear, 
and  the  tender  break  screwed  down ;  the  cocks  of  the 
oil  vessels  should  at  the  same  time  be  shut,  but 
should  all  be  opened  a  short  time  before  the  train 
starts. 

753.  Q.  — -  What  should  be  done  if  a  tube  bursts  in 
the  boiler  ? 

A,  —  When  a  tube  bursts,  a  wooden  or  iron  plug 
must  be  driven  into  each  end  of  it^  and  if  the  water 
or  steam  be  rushing  out  so  fiercely  that  the  exact 
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position  oF  the  imperfection  cannot  be  discovered,  it 
will  be  advisable  to  diminish  the  pressure  by  increas- 
ing the  supply  of  feed  water.  Should  the  leak  be  so 
great  that  the  level  of  the  water  in  the  boiler  cannot 
be  maintained,  it  will  be  expedient  to  drop  the  bars 
and  quench  the  fire,  so  as  to  preserve  the  tubes  and 
fire  box  from  injury. 

754.  Q.  —  If  any  of  the  working  parts  of  a  locomo- 
tive break  or  become  deranged,  what  should  be  done  ? 

A.  —  Should  the  piston  rod  or  connecting  rod 
break,  or  the  cutters  fall  out  or  be  clipped  off — as 
sometimes  happens  to  the  piston  cutter  when  the 
engine  is  suddenly  reversed  upon  a  heavy  train  —  the 
parts  should  be  disconnected,  if  the  connection  cannot 
be  restored,  so  as  to  enable  one  engine  to  work ;  and 
of  course  the  valve  of  the  faulty  engine  must  be  kept 
closed.  If  one  engine  has  not  power  enough  to  enable 
the  train  to  proceed  with  the  blast  pipe  full  open,  the 
engine  may  perhaps  be  able  to  take  on  a  part  of  the 
carriages,  or  it  may  run  on  by  itself  to  fetch  assist- 
ance. The  same  course  must  be  pursued  if  any  of  the 
valve  gearing  becomes  deranged,  and  the  defects 
cannot  be  rectified  upon  the  spot. 

756.  Q, —  What  are  the  most  usual  causes  of  rail- 
way collisions  ? 

A,  —  Probably  fogs  and  inexactness  in  the  time  kept 
by  the  trains.  Collisions  have  sometimes  occurred 
from  carriages  having  been  blown  from  a  siding  on  to 
the  rails  by  a  high  wind ;  and  the  slippery  state  of  the 
rails,  or  the  fracture  of  a  break,  haa  sometimes  occa* 
sioned  collisions  at  terminal  stations.  Collision  has 
also  repeatedly  taken  place  from  one  engine  having 
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overtaken  another,  from  the  failure  of  a  tube  in  the 
first  engine,  or  from  some  other  alight  disarrangement ; 
and  collision  has  also  taken  place  from  the  switches 
having  been  accidentally  so  left  as  to  direct  the  train 
into  a  siding,  instead  of  continuing  it  on  the  main 
line.  Every  train  now  carries  fog  signals,  which  are 
detonating  packets,  which  are  fixed  upon  the  rails  in 
advance  or  in  the  rear  of  a  train  which,  whether  from 
getting  off  the  rails  or  otherwise,  is  stopped  upon  the 
line,  and  which  are  exploded  by  the  wheeb  of  any 
approaching  train. 

756.  Q. — What  other  duties  of  an  engine-drivei 
are  there  deserving  attention  ? 

ji, —  They  are  too  various  to  be  all  enumerated  here, 
and  they  also  vary  somewhat  with  the  nature  of  the 
service.  One  rule,  however,  of  universal  application, 
is  for  the  driver  to  look  after  matters  himself,  and  not 
delegate  to  the  stoker  the  duties  which  the  person  in 
charge  of  the  engine  should  properly  perform.  Before 
leaving  a  station,  the  engine*driver  should  assure 
himself  that  he  has  the  requisite  supply  of  coke  and 
water.  Besides  the  firing  tools  and  rakes  for  clearing 
the  tubes,  he  should  have  with  him  in  the  tender  a  set 
of  signal  lamps  and  torches,  for  tunnels  and  for  night, 
detonating  signals,  screw  keys,  a  small  tank  of  oil,  a 
small  cask  of  tallow,  and  a  small  box  of  waste,  a  coal 
hammer,  a  chipping  hammer,  some  wooden  and  iron 
plugs  for  the  tubes,  and  an  iron  tube  holder  for  in« 
serting  them,  one  or  two  buckets,  a  screw  jack, 
wooden  and  iron  wedges,  split  wire  for  pins,  spare 
cutters,  some  chisels  and  files,  a  pinch  bar,  oil  cans 
and  an  oil  syringe,  a  chain,  some  spare  boltfl^  and  some 
cord,  spun  yarn,  and  rope. 
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•*  Acbillet/*  englDei  of  th^  114. 

Actual  and  nominal  bone  power  ex- 
plained, 38;  ratio  of,  38. 

'*  AdTenture,"  power  and  performance 
of.  40. 

••AMca,"  boilers  of,  41. 

Air  pump  of  Humphry's  screw  en- 


gines,  IM. 
••AIV       ■ 


Clbion/'power  and  performance  of, 40. 

Americao  loeomotlTes,  IfiS. 

**  Ampbion,**  engines  of  the,  de»Igned 
I7  Holm,  lift. 

Annealed  wheels  for  American  loco- 
motives, 157. 

Annular  engines  bf  Simpson,  designed 
by  D.Thomson,  IS9. 

Appold's  centrifiigal  pnmp,  78. 

**  Aretbusa,**power  and  performance  of, 
40. 

••  Asta,"  boilers  of.  41. 

Aveling  ft  Porter's  traction  engine, 
19& 

Axle  boxes  of  American  looomotiTes, 

.    1S6. 

Balanced  double  cylinder  engine,  R9. 

**  Baroasa,**  power  and  performance  of, 
40. 

Beam  en^e  and  sugar  mill,  8S. 

Beardmore's  super-beater,  43. 

Bearings  of  feathering  paddle-wheels 
in  sandy  rivers  should  be  steeled,  87. 

Bearings  of  shafts,  86. 

Beattle^s  coal-burning  looomotlre,  185. 

••  Black  Prince,"  power  and  perform- 
ance of,  40  ;  engines  of  the,  114. 

Blowtng-off  Ineffectual  in  preventing 
incrustation  of  salphate  of  lime  In 
marine  boilers  using  high  pressure 
steam,  18 ;  proper  alternative,  19. 

BoRie,  use  of  in  American  locomotives, 
IM,  IM. 


Boilers,  marine,  should  not  be  fed  with 
distilled  water  exduaivrly,  17  «  cor- 
roded internally  fay  galvanic  action 
of  surface  condensers,  17  ;  proposed 
remedy  for.  18;  incrustations  of  sul. 
phate  of  lime  in,  fkom  beat  alone 
without  concentration,  18  x  remedy 
for,  19. 

Boilers,  proportions  of,  48 :  by  Smea- 
ton,  49;  fay  Watt,  49;  Cornish,  49; 
tubular  marine  in  1844,  W:  In  186ft. 
ft] ;  of  steamers  "  Sulun,"  "Poonah," 
**  Delhi,*'  **  Camatlc,"  *<  Baroda." 
"MoulUn."  "Ripon.'*and  ••Syria,"  52. 

Boilers  of  steamers  *•  Asia  "  and  *•  Af- 
rica," 41  ;  of  Collins'  Une  of  steamers. 

Boilers,  portable,  with  removable  fur- 
nace and  tubes,  116. 

BoQers  with  upright  tubes,  48. 

Boulton  ft  Watt,  superheater  of  **GreKt 
Eastern"  by,  13 ;  pumping  engines  by, 
ft8;  modem  marine  engines  by.  111. 

Bourae,  John,  investigated  efllKt  of 
superheating  in  1834.  ft;  published 
estimate  of  the  benefit  in  1844,  A ; 
pointed  out  cause  of  internal  corrc 
sion  of  boilers  in  184M.  6 ;  predicted 
internal  corrosion  of  superheaters, 
6 ;  suggeiU  remedy  for  internal  oor- 
rosion  of  superheaters,  6 ;  recom- 
mended present  practice  of  carrying 
chimney  clear  of  steam  diest,  6; 
first  Introducni  expansion  slide  valve 
with  moveable  plates.  14 ;  first  con- 
structed tubular  marine  boiler,  14; 
patented  surface  condensers  for 
steam  ressels  with  a  high  preauie 
of  steam  in  1836,  14 ;  invented  con- 
denser fbr  feeding  boiler  with  boil- 


ing water,  19, 90 ;  first  proposed  com- 
bination of  paddles  and  screw,  24 1 
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pradteted  abandonment  of  geared 
engines  for  driving  screw,  20 ;  urged 
the  adoption  of  the  form  of  direct 
acting  enelne  now  become  gene- 
ral, 26 ;  flrst  Introduced  the  me- 
thod of  iMlancing  the  momentum  of 
•crew  engines,  96 ;  flrst  introduced 
marine  engine  goTemort,  27 ;  first 
Introduced  balancing  valves  by  sU- 
tionary  ring,  80  ;  contrired  a  form  of 
link  motion  in  1836.81 ;  first  Intro, 
duced  starting  cylinders  and  starting 
▼alves,  33 ;  first  promulgated  the  ex- 
ioting  rules  for  the  computation  of 
the  nominal  power  of  engines,  39  ; 
flrst  promulgated  the  doctrine  that 
smoke  should  not  be  burned  but  pre- 
vented. 53 }  forms  of  smokeless  fur- 
nace by,  A3  ;  pointed  out  the  correct 
nrinciple  on  which  ships  should  be 
modelled,  M;  flrst  promulgated  the 
doctrine  that  the  resistance  of  well- 
formed  ships  Is  chiefly  produced  by 
fViction,  S<l :  pointed  out  the  advan. 
Uges  of  twin  screws  in  18AS,  fi7 :  re- 
heated the  steam  In  double  cvlinder 
engines  in  18.^,85;  flrst  accomplished 
riveting  by  steam.  90. 

Boydell's  traction  engine,  198. 

Bray's  traction  engine.  195. 

"  Brilliant,"  screw  yacht,  engines  of,  by 
Day  &  Co.,  123. 

Broad  gauge  locomotives,  161. 

Butt  &  Co'.s  steam  fire  engine,  S8& 

Caird  &  Co.,eng1nes  bv,  126. 

"  Caniatic,"  power  and  performance  of, 
52. 

Garrett.  Marshall  &  Co*s.  double 
cylinder  engine,  59 ;  engine  and 
boiler  combined,  61 ;  vertical  engine 


and  boiler,  63  ;  pumping  engine  and 
boiler,  64,  65  \  inverted  engtn< 
other  engines,  67,  70  to  77 ; 


hammer,  95, 

CentriftigAl  pump.  Appold's,  78. 

Chaplin's  vertical  engine,  86  ;  steam 
winches  and  cranes,  88 

Chimney  should  not  be  carried  through 
steam  chest,  6. 

Chimney,  sectional  area  of,  per  nominal 
horse  power ,50;  in  dlflrerentTessels,52. 

Circulation  of  water  in  surftce  con- 
densers, 21. 

Clavton,  fthuttleworth  ft  Co.'s  trac- 
tion engine,  207 :  steam  pump,  210. 

Coal  more  economical  than  line,  6i 

Coal  burning  locomotives,  135. 

**Collingwood,"  power  and  performance 
of,  40. 


Combination  ofpaddlet  and  s 
posed  by  Bourne  In  1850,  S4. 

Condensation  of  steam  incideoC  to  the 
production  of  power,  7. 

Condenser,  surface,  by  Boame,  in  1S3S. 

Condenser  for  feeding  boOen  vitb 
boiling  water,  by  Bourne,  10. 

Condensing  surface  per  nominal  hone 
power  in  difl^rent  Tessels,  01. 

Condie's  steam  hammer,  93. 

**  Conqueror/*  power  and  perfonBanre 
of.  40 

'*  Constance,**  power  and  perfonnaDce 

of,  40. 

Continuous  expanMon  engilne,  by  Ni- 
cholson, 85. 

Cornish  boilers,  49. 

Corrosion,  Intenuil,  of  botlera,  cause  of 
pointed  out  by  Bourne.  5. 

Corrosion,  internal,  of  snpci beaten 
predicted  br  Bourne,  ft ;  suggested 
remedy  for  internal  corrosion,  6 :  ot 
boilers,  18;  best  mode  of  prereotiBg. 
19. 

Cowcatcher  of  American  loconoCirei, 
153. 

Cowper*s  combined  engines,  81  to  8^ 

Cranes  and  winches  worked  by  steam,  H 

Cudworth's  coal-bumiog  loconaodve. 
138. 

Day  ft  Co.,  modern  marine  engines  by. 

122  i  shears  worked  by  steam  by,  Wl 
'*  Defence,"  power  and  perfomaanoe  o^ 

40. 
'*D  fiance,"  power  and  performance  oC 

40. 
Delabarre*i  steam  Jet,  106. 
'*Delni,*' power  and  performanee  of.  52. 
Details  or  modem  locomotlvea,  177. 
Dewrance's   coal-bumtng  looomotiTe, 

135. 
Diagrams,  indicator,  from  screw  racbt 

*•  Brilliant,**  194  ;  of  Shaud,  Mason  ft 

Co.'s  flre  engine,  223. 
Donkey  engine  by  Hawthorn,  71 ;  fay 

CJirrett,  Marshall  ft  Co.,  72,  73. 
Double  cylinder  engines,  proper  Knits 

of,  32 ;  compared  with  ainglo,  ftSL 
Doi:bIe  screws,  57. 
**  Duncan,'*  power  and  performance  oC, 

40. 
Dundonald,  Earl  of,  boilers  br.  48w 

Easton,  Amos  ft  Son,  centrilVigal  pomp 
by,  78  to  81;  steam  flre  engine  l^.S3i^. 

Eastern  of  France  Railway,  locomo- 
tives of  the,  163. 

Eccentrics  of  locomotives,  I8S. 
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Economy  of  high  temperaturei«  4. 
Economy  of  fuel  to  steamers  rerjr  im< 

portanc,  IS. 
Electro-Magnetic  englnM  less  econOb 

mlcal  than  heat  engines,  4. 
'*  Emerald,**  power  and  performance  of, 

40. 
Engerth*  locomotlTes,   four  and   flre 

coupled  axles,  153. 
England  ft  Co.,  mineral  locomoCire  by, 

1H9. 
EqulTalmt,  mechanical,  of  beat.  3. 
''Suryalos,**  power  and  performance  of, 

40. 
KxpaiiSlon  of  steam,  13. 
Expansion  slide  TaWes  with  moTenble 

plates,  first  Introduond  by  Bourne,  14  ; 

reproduced  by  Mayer  and  others,  14. 
Express  passenger  locomotires,   161, 

163,  174. 

Feeding  boilers  by  GIflkrd*s  Injector, 

102, 
Ferrabee.  engine  by,  67,  69. 
Fire  engmes  worked  by  steam,  S17  to 

22B. 
Fletcher,    Jennings    ft  Co.,   mineral 

locomotives  by,  189. 
Flues,  boiler,  sectional  area  of,   per 

nominal  horse  power,  60 ;  in  dlUfereut 

ressels,  R2. 
Foreign  sonds  locomotives,  143, 192. 
Four-cylinder  locomoilres,  147,  152. 
Frictional  gearing,  ?& 
Friction  of  water  on  bottoms  of  ships, 

the  main  element  of  their  resistance, 

65;    fHctioo    more  at  bow  than  at 

stem,  56 ;  means  of  reducing  friction 

and  recovering  power  expended  upon 

it.  66. 
Fuel,  economy  of  fbel  In  steamers  very 

important,  16. 

**  Galatea,**  power  and  performance  of, 

40. 
Oalvanlc  battery  an  expensive  source  of 

P'lwer,  6. 
GhI  vantc  action  of  surface  condensers  on 

boilers,  17  ;  proposed  remedy  for,  18. 
Garrett  ft  Son's  traction  eDgine,  207  j 

steam  plough,  SI  1. 
Gearing,  frictional.  78, 
**  Gibralur,*'  power  and  performance 

of.  40. 
Giflbrd's  injector.  102. 
•'  Glasgow,**  power  and  performance  of, 

40. 
Glasgow  and  South  Western  Railway, 

goods  engines  of,  172. 
Goods  locomotives  of  foreign  railways, 
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148;  with   four  cylinders,  147,  1A2  ; 

American^  152. 
Grate  surface,  per  nominal  horse  power, 

50 ;  in  diflferent  vessels,  62. 
Gray's  coal-burning  locomotive,  136. 
Gray  ft  Son's  steam  fire  engine,  228. 
**  Great  Britain  "  locomotive,  161. 
**  Great  Eastern,'*  superheater  of,  12, 
Great  Northern  Railway,  coupled  ex- 

presapaasenger  engines  of  the,  176. 
Great  Western  RailwHy,express  passei 


uglnes  on,  161. 
of  looon 


passeo* 


Guides  of  looomotives,  184. 

Hawthorn,  R.  ft  W.,  modern  marine 
engines  by,  130 ;  donkey  engines  by, 
71  :  locomotives  by,  for  the  Glasgow 
and  South  Western;  London, Do vei. 
and  Chatham  ;  Great  Northern  and 
Copiapo  extension  railways,  172  to 
175» 

Heat,  mechanical  equivalent  of,  3. 

Heating  surface,  per  nominal  horse 
power,  60 ;  in  different  boilers,  49  to 
51  ;  In  dijftrent  vessels,  52. 

High  temperatures,  economy  of,  4. 

High  pressure  of  steam,  advantages  of, 
18. 

Holm,  Engines  of  the  "  Amphion**  and 
**Pomone,'*  designed  by  him,  115. 

Horse  power,  nominal  and  actual  ex. 
plained,  38  ;  varying  ratios  of,  38. 

Horse  power,  nominal,  rule  for  finding 
first  given  by  Bourne,  39  ;  origin  of 
Admiralty  rule,  39;  new  rule  for 
screw  engines,  39. 

Humphrys  first  introdnced  ring  at  back 
of  valve  to  take  off  pressure,  30. 

Humphrys  ft  Tennant,  modem  ma. 
rine  engines  by.  125. 

**  Hydra,'*  steam  boilers  of,  by  Penn,43. 

Ice  locomotive,  191. 
Ice  made  by  steam,  237. 
Incrustation  of  sulphate  of  lime   in 
boilers,  using  ssit  water  with  high 

{>ressure  steam,  n ;  modeof  prevent- 
ng,  19. 
Indicator  diagrams  from  acrew  yacht 
**  Brilliant,**  124 ;  ofShand,  Mason  ft 
Co.'s  flre  engine,  223. 
Internal  corrosion  of  boilers  from  gal- 
vanic action  ofsurfiace  eondensers,17 ; 
riropoaed  remedy  for,  18, 19. 
ron  Duke  "  locomotive,  161. 

Jackets  of  cylinders,  benefits  of,  107. 
Jet,  snppleroensary,  of  water  in  surface, 

condensers,  17 ;  advantage  of, '/]. 
Jet,  steam,  by  Delabarre,  106. 
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Joule,  hU  retearcbet  rMpActtng  the 
mutttftl  relations  of  beat  and  power,  3. 

Kirk*t  machine  for  making  ioe  by 
steam,  S87. 

**  Lacy  **  locomotive.  135. 

Lamb   ft  Summers'  taperbeater,  8; 

boiler,  4&. 
"  Leander,**  power  and  performanee  of, 

40. 
"Uflfef,"  power  and  perlbrmanoe  of,  40. 
Lignum  vita  bearings,  S7. 
Link  motion,  form  of   eontrlTed  by 

Bourne  In  1886, 81 ;  present  form  sub. 

sequently  Introduced  by  Stephenson, 

81  i  link  motion  of  locomotlres,  185. 
**LiTerpool,*'power  and  perlbrmanceof, 

40. 

Looomotf  TO  engines,  188 ;  ooal-boralng, 
185;  ezpreu  passenger  of  English 
lines.  161.  18S,  174 ;  modem  deuUs 
of,  177  ;  mineral,  188 ;  for  goods  on 
foreign  railways,  148;  with  4  cylln- 
deri^  147,  1^2;  American,  152. 

Locomotive  for  running  on  ice,  191. 

Locomotires  for  common  roads,  193  to 
207. 

Locomotf  re  axle  boxes  in  America,  1 66. 

Locomotive  wheels  of  cast  iron,  156. 

London,  Chatham,  and  Dover  Railway, 

London  and  North  Western  Ballway, 

express  passenger  engines  on,  163. 
Loss  of  power  in  st«am  engines,  8. 
Lyons  Railway,  enghies  of  the,  163. 

McConneirs  coal^baming  locomotive, 

185. 
Manning,  Wardle  ft  Co.,  mineral  looo- 
>  motive  by,  189. 
•Marine  boilers,  tubular,  first  made  in 

1838  by  Bourne,  18 }  present  forms  of, 

43;  proportions  of,  6a 
Marinebollersby  Lambft  Summers.  45. 
Marine  governors,  flnt  introduc4*d  ly 

Bourne,  27 ;  Silver's,  29 ;  Porter's,  29. 
Maudslay    ft    Field,  modem    marine 

engines  by,  117. 
Mayer,  expansion  valre  by,  14. 
**  Meance,"  power  and  pmormance  of, 

40. 
Mechanical  equivalent  of  beat,  3. 
Merryweather  ft  Son's  steam  lire  engine 

224. 
Millwall    Iron    Co.,  modem    marine 

engines  bv,  129. 
Mineral  locomotives,  188. 
Modem  forms  of  screw  engines,  Kk 
Modem  forms  of  boilers,  41. 


Modem  locomotives,  details  oC  177. 
Momentum  of  screw  engmas  first  tel- 

anced  by  Bourne,  96 ;   prlociple  on 

which  balance  is  eflSncted,  27. 
'*  Moultan,"  power  and  perfMVuneeol^ 

58  ;  engines  of  the.  U5. 
•*  Munster  **  and  **  UUter  *  sfeMmsm. 

deUilsof,lll. 

Napier  ft  Sons,  soperheateror  **Oleg* 

by,  8;  boilers  by,  41 ;  mt' 

engines  by,  119, 121. 
Napiet,  David,  bolleis  by, 
Nasmyth's  steam  hammer,  91. 
Neath  Abbey  Co.,  mineral  ' 

by,  189. 

New  River  Waterworks,  engines  at,  Sft. 
Nichol's  steam  fire  engine,  298. 
Nicholson's     continuous 

engine,  85. 
Nominal  and  actual  horse  . 
Northern  Railway  of  France, 

tlves  on  the,  143, 151. 

**  Octavla,*'  power  and  perlbnaanee  of, 

40. 
**  Ol^  **  steamer,  superheater  of;  8. 
Orleans  Railway,  engines  of  tbe,14E,  191 
"Orontas,"  power  and  perfonnaBce  of, 

40. 

Paddles  and  screw,  eombinatkii  of  first 

proposed  bv  Bourne,  24. 
Paris  and  Orleans  Railway,  looonotivei 

on  the,  140, 152. 
Penn  first  took  pressure  olT  valves  by 

equilibrium   frame,   90;     introdiMes 

wooden  bearings  for  shafts,  37. 
Penn  ft  Son,  modem  marine  cngfenes 

by,  113. 
Pistim  of  engines  carbonised  by  callow, 

if  high  temperature  maintained,  17. 
Pistons  and  piston  rods  of  looonioCives, 

181. 
Ploughing  by  stesm.  111. 
*  *  Pomona,**  engines  of  the,  deislgattd  by 

Holm,  115. 
**  Poooah,"  power  and  perforaBaace  oC 

52. 
Portable  engine  by  Ransomas  ft  Sims, 

215. 
Porter's  marine  governor,  29. 
Power  of  engines   only  ooe-leolh  of 

theoretical  effect,  8. 
Power,  equivalent  of,  as  heat,  8. 
Power,  nominal  and  actual  horse,  IS. 
**■  Prince  Consoit.** power  and  perfccm- 

ance  of,  40. 
**  Princess  Royal,*  power  and  perfbnn- 

anceof,40.         '^ 
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ProportioDf  of  boilers,  48. 
Piimplng  engines  at  New  Rlrer,  68. 

Ramfbottam*s  locomotive.  166 ;  mode 

of  •applying  water  to  tenders  wUle 

running,  166. 
Raosomee  ft  Stmt'  portable  engines, 

816  I  boiler  with  remorable  ftimaoe 

and  tubes,  916. 
Bavraliill,  Salkeld    ft    Co.,   modem 

marine  engines  by,  1 15. 
'*  Resistance,  '*  power  and  performance 

of.  40, 
Resistance  of  slilps,  present  doctrines 

firit  promulgaicdby  Bourne,  64. 
*'  Rerenge,'*  power  and  performanee  of, 

40. 
'*  Rhone  **  steamer,  engines  of,  129. 
Hlffby's  steam  liammer,  100. 
"  Ripon,'*  steamer,  boilers  of,  by  Lamb 

tc  Summers,  46. 
"  Ripon,'*power  and  performance  of,  62. 
Biveting  dv  steam  first  introduced  by 

Bourne,  90 ;  Fairbaim*s  machine,  91 ; 

Garforth's,9l. 
Roads,  common,  looomotifes  for,  192 

to  207. 
Roberts*  steam  fire  engine,  2S8. 
Knbev  ft  Co's.  traction  engine,  204. 
*'Rolre  Krake,*'  armour  plated  steamer, 

by  R.  Napier  ft  Sons,  120. 
Rowan  *s  expansive  engine,  187. 
**  Royal  Oak,*'  power  and  performance 

of,  40. 

Savory's  system  of  steam  culture,  211. 

Scale  of  sulphate  of  lime  formed  In 
marine  boilers  by  heat  without  con- 
centration,  18 ;  proper  preveniitivp, 

**  Scotia,**  engines  of  the,  119. 

Scott's  cement  for  coating  corroded 
iron,  19. 

Screw  and  paddles,  combination  of,  first 
proposed  by  Bourne,  24. 

Screw  engines,  modem  forms  of,  25  ; 
momentum  of,  first  balanced  by 
Bourne,  26 ;  principle  on  which  bal- 
ance is  efl'ected,  27;  horiiontal  direct 
acting  engines  recommended  by 
Bourne  in  1862  have  since  l>ecome 
genera],  26;  new  role  for  nominal 
power  of,  89. 

jcrew  propellers  recover  part  of  the 
power  expended  In  moving  vesrels, 
bd;  double  screws,  67  (  vartous  forms 
of  screws,  67. 

Shafts  and  shaft  bearings,  86. 

Shand,  Mason  ft  Go's,  steam  fire  en- 
gine, 218. 


**  Shannon,*'  power  and  performance  ot. 

40. 
Sharp,  Stewart  ft  Go's,  coal-buraing 

locomotive,  139. 
''Shearwater,**  engines  of  the,  by  Haw. 

thom,  180. 
Shears  for  lifting   heavy  weights,  by 

Day  ft  Co.,  88. 
Ships,  proper  form  of,  66 ;  resistance 

of,  mainly  due  to  IHction,  as  first 

pointed  out  by  Bourne.  56. 
Single  and    double  cylinder   engines 

compared,  68. 
Silver's  marine  governor,  29. 
Smeaton's  boilers,  49. 
Smoke-buroing,  68. 
Smoke,  prevention  of,  by  Bourne,  53. 
Soemmering  incline,    locomotives   for 

the,  149. 
Spark-catcher  of  American  locomotives, 

162. 
Starting  cylinders  first  Introduced  by 

Bourne, 33:  of  "Ulster"  and**  Mun- 

ster,"  83. 
Starting  valves  Introduced  by  Bourne 

in  1862,  85. 
Steam  applied  to  work  winches,  cranes, 

and  shears,  88. 
Steam  chest,  benefit  of  carnring  the 

chimney  clear  of  it  first  pointed  out 

by  Bourne,  6. 
Steam  is  necessarily  condensed  in  the 

production  of  power   unless  super- 
heated, 7. 
Steam  culture,  211. 
Steam   fire  engine,   217:    by   Shand, 

Uflson  ft  Co.,  218  ;  by  Merryweather 

ft  Son,  224  ;  by  Baston,  Amos  ft  Son, 

228  i  by  Butt  ft  Co.,  228 ;  by  Robert*, 

928;   by  Nichob,  228;    by  Gray  ft 

Son,  228. 
Steiun  hammers,  91 :   Nasmyth's  91  ; 

Wilson's,  91;  Condie's,93:   Garrett, 

Marshall  ft  Co.'s,  95;  Thwaites  ft 

Carbutt's,  97;  Rigby's,  ICO. 
Steam  Jackets,  benefits  of,  107. 
Steam  jet.  Delabarre's,  106. 
Steam  power,  ice  made  by,  237. 
Steam    riveting  first    introduced    by 

Bourne,  90 ;  Falrbalrn's  machine,  91 ; 

Oarforth's,  91. 
Steel  shafts,  36. 
Sugar  mill,  82. 
Sulphate  of  lime  deposited  in  marine 

boilers  bv  heat  without  concentration, 

18  ;  mode  of  preventing,  19. 
**  Sultan,**  power  and  performance  of, 

52. 
Superheaters,    internal   corrosion    of, 

predicted   by  Bourne  at  their  first 
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introduction,  5 ;  proper  lurface  for, 
13. 

Superheater  of  •*  Olef ,**  bjr  Napier  ft 
Sons,  8;  form  of  bv  Lamb  &  Sum- 
mers, 8 ;  of  Great  Eastern,  IS. 

Superheater  br  Beardmore,  43. 

Superheating  tne  *team,  5 ;  t>enefit8  of 
superheating  pointed  out  bv  Bourne 
in  1844,  0  ;  subsequent  exaggerated 
estimates  of  advantage,  6. 

Surface  condensers,  by  Watt,  14  ;  by 
Hall,  14  ;  by  Bourne  in  183ft,  14; 
proper  proportions  of,  16:  import- 
ance of  rapid  circulation  or  water  in, 
16:  waste  the  boilers  by  galranic 
action,  17. 

SurfMce  of  super-heaters,  18. 

**  Sutherland/*  steam  fire  engine,  2S9. 

*'  Sutlej,"  power  and  performance  of,  40. 

*'  Syria,"  power  and  performance  of,  52. 

Tallow,  inconrenlonce  of,  la  surface 
condensers  from  distilling  over,  17; 
inconveniences  of  in  hut  cylinders 
from  carbonixing  the  piston,  17. 

Tembrinck's  coal-burning  locomotive, 
139,  143. 

Temperatures,  high,  economy  of,  4. 

Tenders,  locomotive,  mode  of  filling 
while  running,  16&. 

Thermo-dynamlcs,  2. 

Thomson,  David,  pumping  engines 
designed    by,    69 ;    double    acting 

g lunger  pump  Invented  by  him,  819  ; 
impson*s  annular  engines  designed 
by,  129. 
Thwaites  ft  Carbutt*8  steam  hammer, 
97. 


**  Torrent"  steam  Are  engine,  S3. 

Traction  engines,  Boume^s  (Aftlaaa), 
192:  BojdelI*s,  193;  Bray's.  !»: 
Aveling  ft  Porter's,  196;  Bo<>ct 
ft  Co.'s,  *2M\  Garrett  ft  Son's,  tOT; 
Clavton,Shuttleworthft  Co.'s  t07. 

Tubular  marine  boilers  first  eco. 
stmcted  in  1838  by  Bourne,  19  ;  pre- 
sent forms  of,  43  ;  proportions  of  in 
1844,  AO  ;  In  186»,  91. 

Turin  railway,  locomotfvea  of  the,  ISl 

Twin  screws,  07. 

•*U1ster**and  ''Munste^^deCaiUoT.  111. 
**  Undaunted,"  power  and  pcrfonnanoe 
of,  40, 

Various  forms  of  screw,  57 

"  Warrior  ."power  and  perfonBanee  o' 

40;  engines  of  the.  114. 
Water,  bodies  of  good  shape  noring  h 

water  resisted  chiefly  by  friction,  5?» 
Water  works,  engines  for,  98. 
Water,  mode  of  supplying  to  tenden 

while  nmning.  165. 
Watt's  boilers,  49. 
Western  of  France  Railway,  153. 
Wilson's  steam  hammer,  91. 
Winches  and  cranes  worked  by  steam. 

88. 
Wooden  bearings,  37* 

Yarrow's  coal-burning  locomodre.  135. 

Zinc  a  more  expensive  source  of  power 
than  coal,  5. 
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AcciDBim  in  fteam  Tesseb,  proper 

preparation  for,  534. 
Admiralty  rule  for  horse  power,  138. 
Adhesion  of  wheeb  of  locomoCirea  to 

rails,  331. 
Agricultural  flzed  engines,  476 :  prices 

of,49S. 
Agricultural  engines,  portable,  455; 

prices  of,  475. 
Air,  velocity  of,  entering  a  racuum,  7 ; 

required  for  oonibustion  of  coal,  91 ; 

law  of  expansion  of,  by  heat,  108l 
Air  pump,  description  of,  58;  action 

of,  6a  67;  proper  dimensions  of, 

807. 
Air  pump  of  marine  engines,  details 

of,««. 
\ir  pump  of  oscillating  engine,  414. 
Air  pump  of  direct  acting  screw  en- 
gines, 435. 440. 
Air  pumps  made  both   single  and 

double  acting,  208 ;  diflbrence  of,  ex- 
plained, ao& 
Air  pumps,  double  acting  vaWes  of, 

303 ;  bad  racuum   in,  306 ;  causes 

and  remedy,  307—309. 
Air  pump  rod.%  brass  or  copper,  in 

marine  engines,  899. 
Air  pump  bucket,  valres  of,  300, 301, 

Air  pump,  connecting  rod  and  cross 

head  of  oscillating  engine,  490. 
Air  pump  rod  of  osciuating  enj^ne. 

Air  pump  arm,  439 

Air  vesiels  applieu  to  suction  side  of 

pumps,  815. 
'*  Alma,**  engine  of,  by  Messrs.  John 

Bourne  and  Co.,  433. 
**  Amphion,"  engines  of,  885. 
Angle  iron  in  boilers,  precautions  re- 

specting,  834. 


ApDuatus  fbr  raising  screw  propeller. 

Atmospheric  ralre,  48. 

Atmospheric  resistance  to  railway 
trains,  338-336. 

Auxiliary  power,  screw  ressels  with, 
403. 

Axle  bearings  of  locomotlTe*,  316. 

Axle  guards.  448. 

Axles  and  wheels  of  modem  locomo- 
tives, 450. 

**  Asof;*'  slide  valve  of,  996. 

Babbitt's  metal,  how  to  compound, 
517. 

Bach  and  Co.*s  portable  engine,  46*. 

Balance  piston  to  take  pretsure  •(! 
slide  valve,  437. 

Ball  valves,  362. 

Barrel  of  boiler  of  modem  locomo- 
tives, 447. 

Barrett,  Exall.and  Andrewet' portable 
engine,  473 ;  fixed  engine,  481. 

Batley's  portable  engine,  474. 

Beam',  working  of  land  engine,  61 ; 
main  or  working  strength  proper 
for,  320. 

Beam  engine  by  Tuxford,  482. 

Bearings  of  engines  or  other  mn- 
chioery.  rule  for  determining  pri>- 
per  surface  of,  31. 

Bearings,  heating  of,  how  to  prevent 
or  remedy,  &38 ;  Jouraalu  should  al- 
ways bottom,  as  if  they  grip  on  ti.e 
sides  the  pressure  is  infinite. 

Beattie's  screw,  398. 

Belldor's  valves  might  be  used  for  foot 
and  delivery  valves,  800. 

Bell-metal,  composition  of,  .'iI9. 

Benson's  vertical  engine,  488. 

Blast  pipe  of  locomotives,  description 
of,  8. 
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Blast  In  locomotivet,  ezbaustion  pro- 
duced by,  174 ;  proper  oonstruction 
of  the  blast  pipe*  175 ;  the  blast  pipe 
should  be  set  below  the  root  of  the 
chimney  so  much  that  the  cone  of 
etcaping  steam  shall  just  fill  the 
chimney. 

Blast  pipe  with  variable  orifice,  at  one 
time  much  used,  177. 

Blow  off  cock  of  locomociret,  966. 

Blow  off  cocks  of  marine  boUats,  pio- 
per  construction  of,  312. 

Blow  off  cocks,  description  of,  69. 

Blowing  off  supersalted  water  Arom 
marine  boilers,  7. 

Blowing  off,  estimate  of  heat  lost  by, 
250 ;  mode  of,  258.  529. 

Blow  through  valre,  description  of, 
70. 

Blowing  fUmaces,  power  necessary  fbr, 
504. 

Bodies,  falling,  laws  ofl  9. 

Bodmer,  expansion  ralve  by,  129- 

Boilers,  general  description  of:  the 
wanon  twiler.  45:  the  Cornish 
boiler,  50  j  the  manne  flue  boiler, 
51 ;  the  marine  tubular  boiler,  53; 
locomotive  boiler ^sef  Locomotives. 

Boilers,  proportions  of:  heating  sur- 
face of,  158—160;  fire  grate,  sur- 
fkce  of,  160 ;  consumption  of  ftiel  on 
each  square  foot  of  fire  bars  in  wag- 
gon, Cornish,  and  locomotive  boilers, 
160 ;  calorimeter  and  vent  of  boilers, 
161 1  comparison  of  proportions  of 
waggon,  flue,  and  tubular  boilers, 
162  —  1€0 }  evaporative  power  of 
boilers,  169;  power  generated  by 
evaporation  of  a  cubic  foot  of  water, 
170 :  proper  proportions  of  modem 
manne  boilers,  both  flue  and  tubu- 
lar, 172 :  modem  locomotive  boilers, 
173;  exhaustion  produced  by  blast 
in  locomotives,  174 ;  increased  eva- 
poration from  increased  exhaustion, 
176;  strength  of  boilers,  189;  ex- 
periments on,  by  Franklin  Institute, 
190;  by  Mr.  Fairbairn,  191;  mode 
of  computing  strength  of  boilers,  191, 
192 ;  staying  of,  19S-195. 

Boilers,  mariue,  prevented  from  salt- 
ing by  blowing  off,  7;  early  locomo- 
tive and  contemporaneous  marine 
boilers  compared,  178—180;  chim- 
neys  of  land,  174. 180 ;  rules  for  pro- 
|K>rtions  of  chimneys,  181;  chimneys 
of  marine  boilers,  182. 

B<nlers,  constructive detalb  of:  rivet- 
inc  and  caulking  of  land  boilers, 
£»Z|  proving  of,  232;  seams  payed 


with  mixtme  of  wblttn^  asd  Kn. 
seed  oil,  S32;  setting  of  wagsw 
boilers,  233;  riveting  of  muioc 
boilers,  233 1  precautiooa  reapectiJig 
angle  iron,  231 ;  bow  to  punch  the 
rivet  holes  and  shear  edges  of  plates, 
234 ;  setting  of  marine  boilexa  in 
wooden  vessels,  235  ;  maatic  oemest 
Air  setting  marine  bollera,  Va5 ;  caomn- 
position  of  mastic  cement,  SiK;  bent 
length  of  furnace,  236;  ounfigura. 
tion  of  furnace  bars,  2S7 ;  advan. 
tages  and  ooostniction  of  ftim^e 
bridges,  238 ;  various  fomoa  of  damp, 
ers,  239;  precautions  agaiiist  injury 
to  boilers  ftom  intense  beat.  840; 
tubing  of  boilen,  241 ;  pctiper  saode 
of  staying  tube  plates,  948 ;  proper 
mode  of  oonstracting  atean  boat 
chimneys,  913 ;  waste  steam  pipe  and 
ninnel  casing.  244 ;  tatosoope  cfaiib- 
neys,  S45;  formation  of  scale  in 
marine  boilers,  946 ;  injury  of  such 
incrustations,  247 ;  amount  of  s«lt 
in  sea  water,  248 :  saltneas  penai^ 
sible  in  boilers,  248 :  amount  of  heal 
lost  by  blowing  oil^  250 ;  mode  ot 
discharging  the  supersalted  water, 
252 ;  Lamb's  scale  preventer,  £53 ; 
Internal  corrocion  of  marine  boilers, 
5251;  causes  of  Internal  oorrnsioa, 
256;  surcharged  steaaa  produoed 
f^om  salt  water,  K7;  atop  valves 
between  boilers,  258:  safety  or  es- 
cape valve  on  fbed  pipe,  280 ;  loco- 
motive boilers  consist  of  tbe  fire 
box,  barrel  fbr  holding  tubes,  and 
smoke  box,  261 ;  dimenaiooa  of  the 
barrel  and  thickness  of  plates,  ^S ; 
mode  of  staying  fire  box  and  furnace 
crown,  262, 263;  fire  bars,  ash  box. 
and  chimney,  264 ,  steam  dunke  used 
only  in  old  engines,  265 ;  manhole, 
mudboles,  and  blow  off  cock,  905 ; 
tube  plate,  and  mode  of  secunng 
tubes,  StBS;  expanding  raaodnit, 
268;  various  forma  of  regulator. 
269,  270. 

Boilers  of  modem  locomotives,  447. 

Boiler,  the.  proper  care  of,  the  lint 
duty  of  the  engineer,  534w 

Bolts,  proper  proportions  of,  3891 

Boring  of  cyhnders,  506. 

Boulton  and  Watt,  engines  of  "■  City 
of  Canterbury  "  and  **  Red  Hover," 
by,  67. 

Boulton  and  Wattis  rales  for  fiv 
wheel,  12;  proportions  of  marine 
flue  boilers,  160;  rule  fur  pmn«ir. 
lions  of  chimneys  of  land  Uuil^n, 
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182;  of  nuorlne  bollen,  189;  ex- 
perimenM  on  the  recUtance  of  Tei« 
sels  in  water,  363—367. 

Bourdoa'f  fteam  and  Tacuum  gauge*, 
143. 

Bourne^  expandon  ralvet  by,  189, 130. 

Bourne,  MeMtt.  J.  and  Co.,  direct  act- 
ing icrew  engines  by,  433. 

Brats  ftnr  bearings,  compodtlon  of, 
517. 

Brazing  solders,  519l 

Bridges  in  Aimaces,  benefits  of,  S38. 

Burning ofboilers,  precautions  against, 
240. 

Burrell*s  portable  agricultural  engine, 
472. 

Bursting  Telocity  of  fly  wheel,  14  ; 
and  or  railway  wheels,  15. 

Bursting  of  boilers,  195 ;  causes  of, 
196 ;  precautions  against,  197 ;  may 
be  caused  by  accumulations  of  sal^ 
90O. 

Butlin*8  portable  engine,  474. 

Butterfly  Talres  of  air  pump^  300. 

Cabrey,ezpansloo  valreby,  187. 

Calorimeter  of  boilers,  definition  of, 
161. 

Cams,  proper  finrms  of,  18R. 

Cast  iron,  strength  oi;  33^36;  pro- 
portions  of  cast  iron  beams.  38; 
efllecU  of  dillbrent  kinds  of  strains 
on  beams,  3»-41 ;  strength  to  resist 
shocks  not  proportional  to  strength 
to  resist  strains,  43  i  to  attain  maxi- 
mum strength  should  be  combined 
with  wrought  iron.  44^ 

Casting  of  cylinders,  505—507. 

Caie>hardenbg,  bow  to  aoeompllsh, 
51& 

Cataract,  explanation  of  nature  and 
uses  of,  15o. 

Caulking  of  land  boilers,  838. 

Cement,  mastic,  for  setting  marine 
boilers,  835. 

Central  forces,  ISL 

Centre  of  pressure  of  paddle  wheels, 
S7L 

Centres  of  grarity,  gyration,  and  os- 
cillation, T& 

Centres  for  fixing  arms  of  paddle 
wheel,  382. 

Centres  of  an  engine,  how  to  lay  off, 
52t 

Centrifugal  (brce,  nature  of,  12 ;  rule 
for  determining,  13 ;  bursting  Te- 
locity of  fly  wheel,  14;  and  of  rail- 
way  wheels,  15. 

Centrifugal  pump  will  supersede  com- 
mon pump,  880. 


Centripetal  fbree,  nature  of,  18. 

Chimney  of  locomotlrps,  864. 

Chimney  of  steam  vessels,  what  to  do 
if  carried  away,  533b 

Chimneys  of  land  boilers,  174.  180 ; 
Boulton  and  Wattli  rule  for  pro* 
portions  OT,  181 ;  of  marine  boilers. 

Chimneys,  exhaustion  produced  by, 
174.  I8l ;  high  and  wide  chimneys 
in  locomotires  Injurious,  175. 

Chimneys  of  steam  boats,  843  ;  tele- 
scope^ 845. 

**City  of  Canterbury,**  en[^nes  of, 
67. 

Clayton,  Sbuttleworth,  and  Co.^  por* 
uble  engine,  459 ;  fixed  engine,  478. 

Coal,  constituents  of,  90 ;  combustion 
of,  air  reouired  fbr,  91 ;  eraporatiTO 
efficacy  of,  96 ;  of  wood,  turf,  and 

Cocks,  pn^r  construction  of  SlI— 

Cm  wheels  fbr  screw  engines,  75. 

Coke,  evaporatiTe  efficacy  of,  9S. 

Cold  water  pumiK,  des^jiiption  o^  58; 
rule  fbr  site  of,  215 

Combustion,  nature  of,  90. 

Combustion  of  coal,  air  required  for, 
91. 

Combustion,  slow  and  rapid,  com- 
I  aratiTe  merits  of,  95 ;  rapid  com* 
bustion  necessanr  in  steam  vessels, 
and  enables  less  heating  surface  in 
the  bcrfler  to  suffice,  95. 

Conchoidal  propeller,  446. 

Condensation  of  steam,  water  required 
for,  209. 

Condenser,  description  of,  58 :  action 
of,  59.  67 ;  proper  dimensions  o( 
207. 

Condenser  of  oscillating  engine,  413. 

Condenser  of  direct  actbg  screw  en- 
gine, 434. 

Condensing  engine,  definition  of,  1. 

Condensing  water,  how  to  provide 
when  defldent,  tjS. 

Conical  pendulum  or  governor,  20, 21. 

Connecting  rod,  description  of,  54.  67 ; 
strength  proper  fbr,  218. 221. 

Connecting  rod  of  direct  acting  screw 
engines,  438 ;  of  locomotives,  344k 

CAnsumpUon  of  fUel  on  each  square 
foot  or  fire  bars  in  waggon,  Cornish, 
and  locomotive  bollexs,  160. 

Copper,  strength  of,  3ft* 

Corrosion    produced    by  surcharged 


Corrosion  of  marine  boilers,  SSftt 

causes  of,  256. 
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Coit  of  looomoUTM,  Sn. 

Cotton  spinning,  power  necessary  for, 
50e. 

Counter  for  counting  strokes  of  an 
engine,  161. 

Cranlc,  description  of,  54  {  unequal 
lererage  of,  corrected  by  fly  wlieel, 
3 ;  no  power  lost  by,  23 ;  action 
of,  63  {  strength  proper  for,  £94— 
S96. 

Crank  of  direct  acting  screw  engines, 
434.440.442. 

Crank  pin,  strength  proper  for,  227. 

Crank  pin  of  direct  acting  screw  en- 
gines, 441. 

Cranked  axle  of  locomotives,  345. 

Cross  bead,  description  of,  67 ;  strength 
proper  for,  227. 

Cross  head  of  direct  acting  screw 
engines,  4391 

Cross  tall,  description  of,  <9. 

Crosskill's  portable  engine,  4€5 ;  os- 
cillating, 487. 

Cylinder,  description  of,  54 ;  strength 
proper  for,  2l7. 

Cylinder  of  oscillating  engine,  412. 
415.  430;  of  direct  acting  screw 
engine,  4M.  iS6. 

Cylinders  shoukl  have  a  steam  Jacket, 
and  be  felted  and  planted,  28S; 
should  have  escape  ▼alves,  H&O. 

Cylinders  of  locomotives  should  be 
large,  338;  proper  arrangement  of. 

Cylinders,  how  to  cast,  505-^07  ;  how 

to  bore,  508;  how  to  grind,  509 
Cylinder  jacket,  advantages  of,  tl& 

Damper,  48, 4a 

Dampers,  rarious  forms  of,  239. 

Dead  wood,  hole  in,  for  screw,  318. 

Delivery  valve,  description  of,  58. 

Delivery  or  discharge  valves,  proper 
dimensions  of,  209. 

Delivery  valves  might  be  made  on 
Relidor's  plan,  300. 

Ddivery  valves  in  mouth  of  air  pump, 
SOI ;  of  India  rubber,  302-306. 

Direct actingscrew engines  should  be 
balanced,  287. 

Direct  acting  screw  engine  by  Messrs. 
John  Bourne  and  Co.,  433;  cylinder, 
4Si.  436 ;  discs,  434. 440. 442 ;  guides, 
435;  screw  shaft  brasses,  435;  air 
pump,  435.  440;  slide  valve,  437; 
balance  piston,  437 ;  connectiug  rod, 
i3S;  piston  rods,  438;  cross  head, 
4'i9;  air  pump  arm,  439 :  feed  pump, 
440;  crank  pin,  441;  screw  shair, 
^i');  thrust  plummer  block,  443, 


444 :  link  motioo,  445;  aow  pn>- 

peller,  446. 
Dischaige  valves,  314k 
Disc  valves  of  India  rubber  for  air 

pumps.  303— 306L 
Discs  of  direct  acting  screw  englDc 

instead  of  crank,  43k  44a  442L 
Dodds,  expannon  valre  by.  129. 
Double  acting  en^nea,  definitkn  of, 

2,3. 
Double  acting  airpmnps,  208;  ralves 

of,  303 ;  fisulU  o(30&-.3Q9. 
Double  side  rod  engine  hj  Ttaxfoid, 

485. 
Draw  bolt,  450. 
Dredging  earth  out  of  rivers,  power 

necessarr  for,  504. 
Driving  wheels  of  locomotives,  S54. 
Driving  piles,   power  necessary  for, 

504. 
Dundonald,  Earl  of.  screw  by.  386. 
Duty  of  engines  and  boilers,  139 ;  ho« 

the  duty  IS  ascertainable,  140l 
Duty  of  Clayton  and  Shuttlevcxthl 

engines  from  1849  tn  1853, 4ffl. 
Dynamometer,  description  of.  L5S. 
■^  power  of  screw  Tetseit. 


Eccentric,  description  of,  G9;  eoiBe- 
tlmes  made  loose  for  backing,  298- 

Eccentric  and  eccentric  rod  of  oscil- 
lating engine,  423. 

Eccentric  notch  should  be  fitted  with 
a  brass  bush,  299. 

Eccentric  straps  of  locomotives,  347 ; 
rods  of  locomotives,  348. 

Eccentrics  of  looomoUves,  347  ;  bo* 
to  r&a4Ju«t,  351. 

Economy  of  fiiel  In  steam  Tcsscb. 
409. 

Edwards,  expansion  valve  by,  S9l 

Eiastieity,  limiU  of,  35. 

Engine,  high  pressure,  definition  of,  1 ; 
low  pressure,  definition  of,  1. 

Engines,  classification  of,  2 ;  rotativr, 
definition  of,  2;  rotatory,  definitioa 
of,  2:  single  acting,  definition  oC  S ; 
double  acting,  definition  of«  2,  3 ; 
mode  of  erecting  In  a  vessel,  325— 
328  ;  how  to  reflx  If  tbey  have  be- 
come loose,  3S9. 

Engineers  of  steam  vessels  ahooU 
make  proper  preparation  for  aco- 

Equilibriuro'  slide  valve,  294 — 297; 

gridiron  valve,  296L 
Erecting  engines  in  a  vessel,  SSS—3&. 
Section  of  engines  In  the  wail:«bmL 
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GMtpe  valre  on  feed  pipe,  S6t). 
.  Escape  Talve*  for  letting  water  oat  of 
cylinder!.  ^). 

Evaporative  etHcacy  of  coal,  92 ;  of 
wood,  turf,  and  coke,  93. 

Evaporative  power  of  boilen.  165. 
169;  power  generated  by  evapora- 
tion of  a  cubic  foot  of  water,  170 ; 
increase  of  evaporation  due  to  in- 
creased exhaustion  in  locomotive*, 
176. 

Exhaustion  produced  .by  chimneys, 
174.  181 ;  by  the  blast  in  locomo 
tives,  174;  increased  evaporation 
from  increased  exhaustion,  176. 

Expanding  mandrils  for  tubing  boilers, 
S6». 

Expansion  of  air  by  heat,  108. 

Expansion  of  surcharged  steam  by 
heat,  108. 

Expansion  of  steam,  111 ;.  pressure  of 
steam  inversely  as  the  space  occu- 
pied, 112;  Uw  of  expansion,  114: 
rule  for  computing  the  Increase  of 
efficiency  produced  by  working  ex- 
pansively, 115 ;  necessity  of  efficient 
provisions  against  reflrigeration  in 
working  expansively,  116;  advan- 
tages of  steam  jacket,  11&  Forms  of 
apparatus  for  working  expansively : 
lap  on  the  slide  valve,  iHOj  wire 
drawing  the  steam,  122;  Cornish 
expansion  valve,  124;  In  rotative 
engines  worked  by  a  cam,  125;  mode 
of  varying  the  degree  of  expansion, 
186 ;  proper  forms  of  cams,  126 ;  the 
link  motion,  128 :  expanaioo  valves, 
bv  Cabrey,  Fenton,  Dodda,  Farcot, 
Edwards,  Lavaprtan,  Bodmer, 
Meyer,  Hawthorn,  OonxeDbach, 
and  Bourne,  127—180. 

Ex|}ansion  Joint  in  valve  casing,  289. 

Expansion  valves,  Cornish,  121;  the 
link  motion,  128 ;  by  Cabrey,  Fenton, 
Dodds,  Farcot,  Edwards,  llavagrian, 
Bodmer,  Meyer,  Hawthorn,  Gon- 
senbach,  and  Bourne,  127—180. 

Expiosioni  of  boilers,  195 ;  causes  of 
exploaions,  196;  precautions  against. 
197—200 ;  dangers  of  accumulations 
of  salt,  200. 

Face  plates  or  planometei 
Falling  bodies,  laws  of,  9. 
Farcot,  expansion  valve  by,  129. 
Feathering  paddle  wheels,  description 

of,  73;  details  of,  428. 
Feedpump,  description  of, 58;  action 

of,  60 ;  proper  dimensions  of,  109 ; 

rule  for  proportioning,  213. 


1,511. 


Feed  pump  plunger,  310 ;  and  valves, 
3ia 

Feed  pumps  of  locomotives,  details  of. 
3IW. 

Feed  pumps  of  direct  acting  screw  en- 
Rines,  440. 

Fenton,  expansion  valve  by,  129. 

Ferrabee*8  pillar  engine,  49a 

Fire  bars  of  locomotives,  264. 

Fire  box  of  locomotives,  mode  of  stay- 
ing, 262. 

Fire  box  of  modem  locomotives, 
447. 

Fire  grate  surfiioe  of  boilers,  160. 

Fire  grate  In  locomotives  should  be  of 
small  area,  142 ;  coke  proper  to  be 
burned  per  hour  on  each  square  foot 
of  bars.  142. 

Firing  furnaces,  proper  mode  of,  94. 

Fixed  agricultural  or  manufacturing 
engines.  476. 

Fixed  agricultural  engines,  prices  of, 
492. 

Flaws  in  valves  or  cylinders,  bow  to 
remedy,  512. 

Float  for  r^ulating  water  lerd  in 
boilers.  48.  154. 

Floats  or  paddle,  323. 

Floats  of  paddle  wheels.  Increased  re- 
sistance of,  if  oblique,  376;  floats 
should  be  large,  378. 

Fly  wheel  corrects  unequal  leverage 
of  crank,  3;  proper  energy  for,  1 1  j 
Boulton  and  Watt's  rule  for,  12; 
bursting  velocity  of,  14 :  description 
of,  54 ;  action  of,  in  redressing  irre- 
gularities of  motion,  63. 

Foot  valve,  description  of,  58 ;  proper 
dimensions  of,  209. 

Foot  valves  might  be  made  on  BelU 
dor's  plan,  930 ;  of  India  rubber, 
302-306. 

Frame  at  stem  fbr  holding  screw  pro- 
peller, 318. 3aa 

Framing  of  locomotives,  337. 

Framing  of  oscillatiDg  engine,  412. 

Franklin  Institute,  experlmenU  on 
steam  by,  105. 

French  Academy,  experiments  on 
steam  by,  106. 

Friction,  nature  of,  26 ;  does  not  vary 
as  the  rubbing  surAees,  but  as  the 
retaining  pressure.  27 ;  does  not  in- 
crease with  the  velocity  per  unit  of 
dlsUnce,  but  Increase*  with  the  ve- 
locity per  unit  of  time,  27 1  measures 
of  friction,  28;  efltet  of  unsuents, 
28;  kind  of  unguent  should  vary 
with  the  pressure,  29 ;  Morin*s  ex- 
periments, 89  j  rule  for  determlniof 
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proper  rarfKM  of  bculiin,  31 ; 
mction  of  rough  furfacec,  X. 

Friction  of  the  water  the  main  cauie 
of  the  reilaCaiice  of  ▼«•€!«  of  good 
ibape.  961. 

Fuel  burnt  on  each  iquare  foot  of  Are 
ban  In  waggon,  Cornlih,  and  loco- 
motire  boiler*,  160 1  economy  of.  In 
•team  veneU,  ¥Xk 

Fonnel  earing,  844. 

Funnel,  what  to  do  if  earned  eway, 
6SS. 

Funnehof  ateam  boats.  See  ChimneTi. 

Fumaoea.  preper  mode  of  firing,  94  ; 
•molce  burning :  WUliamt's  argand, 
97;  Pridcaux'e,  97— 100 }  Boultoo 
and  Watt's  dead  plate^  101 }  re- 
TolTlng  grate,  101  \  Jucltet's  108 1 
Maudjday\l08(  Hall's,  CoapUnd't, 
Godson's,  Robinson's,  Stevens's, 
Haseldine's,  fta,  104. 

Furnaces  of  marine  boilers,  proper 
length  of,  fS6L 

Furnace  bridges,  benefits  of,  8S8. 

Fusible  metal  |dugB  useleu  as  antU 
dotes  to  explosions^  19B. 

Gardiner  and  Macintosh's  portable 

engine,  471. 
Garrett  and   Son's  portable  engine, 

463,464. 
Gauges,  vacuum,  6  \  steam,  6 ;  gauge 

coclcs  and  glass  tubes  for  showinc 

level  or  water  in  boiler,  deicriptlon 

of.  6. 
Gauge  cocks   for   showing  level   of 

water  in  boiler,  6. 153.  SM. 
Ge  tring  for  screw  engines,  76. 
Geared  oscillating  screw  engine,  de- 
scription of,  76. 
Gibs  and  cotters,  strength  proper  for, 

S29. 
Glass  tubes  for  showing  water  level  In 

boilers,  6. 1  &3. 
Glass  tube  codes,  815. 
Gonspnbach,  expansion  valve  by,  ISO. 
Gooch's  indicator,  149-151. 
Gooch's  locomotive,  447. 
Governor  or  conical   pendulum,  SO, 

SI ;  description  of,  54. 
Gravity,  centre  of,  15. 
**  Great  Britain,"  engines  of,  76.  - 
'*  Great  Western,**  boilers  of.by  Messrs. 

Bfaudslay,  159. 
Gridiron  valve,  296. 
Griflith's  screw,  396. 
Ortodipg  corn,  power  necessary  for, 

499-501. 
Grinding  of  cylinders,  5^9. 
Gudgeons,  strength  proper  for,  8)9. 


Guides  of  1oea«oCiv«B,  SU. 

Guides  of  direct  aetiog  acsver  ensias^ 

434. 
Gun  metal,  stra»gth  of,  34. 
Gyration,  centre  of,  16. 

Harvey  and  West's  pomp  valrea.  ITS. 

Hawthorn,  expansion  valve  by,  laOL 

Heat,  latent,  definition  of;  ii7. 

Heat,  specific  deteltloa  of,  89. 

Heat,  Kegnault's  experiments  on,  99. 

Heat,  loss  of,  by  blowing  off  »armc 
boilers,8S0. 

Heating  surface  of  boner*.  158. 

Heating  sorfhce  per  square  foot  of  fire 
bars  In  locomotives,  149 ;  a  euhie 
foot  of  wafer  evaporates  by  ire 
square  feet  of  heating  surftee.  141. 

Heating  of  bearings,  caueea  oC,  53^ : 
bearings  should  always  be  alack  ai 
the  sides,  else  the  pressure  ia  ini. 
nite. 

High  pressure  engine,  definttJoa  of.  I. 

High  pressure  engines,  poirerof,  134. 

High  spaed  enainps,  136;  arrai>g«- 
ments  proper  lor  high  apeeds,  137. 

Hodgson's  screw  396. 

Holding  down  bolts  of  martae  cfw 

gines,  or  bolts  for  seeariBg  •ngiats 

to  hull.  67. 

Holms's  screw  propeller,  807. 446. 

Homsby  and  Son's  i     '  " 
466 ;  fixed  engine.  483 

Horixontal  engines  by  1 
Sims  t  Claytoo,  Shottltwwth,  and 
Co.;  Turner;  and  Banet^  BxaD. 
and  Andrewes,  477— 48L 

Horses  power,  definitkm  of,  ISl; 
nominal  horse  power,  15^— ISP; 
actnal  power  aacertaiDed  by  tbe  in- 
dicator.  138-139;   " 

for.  138. 

Hot  water  < 
of,  £8. 67. 

Hot  well,  deeeriptlon  oC  58. 

Inclined  plane.  891 


,SBQ, 


&eal» 


Increaring  pitch  of  < 
InemsUtkn  in  boilers,  &ia 


India  rubber  valves  ftar  air  pomp. 
509-90& 

Indicator,  descfipUon  of  tbe.  IS ;  by 
M'Naught,  strvetare  and  anode  of 
using,  144—149;  Ooocb'a  cosiCina. 
ous  indiGaior,  149u.]5L 

Ii^eciion  cock,  5&  70. 

Injection  cocks  of  marine  engtecs  at 
ship's  sides.  313. 

Injection  orifioe,  proper  area  o^  f  11. 
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Injection  valve,  SIS. 

Iiuide  cylinder  loeomollTee,  S99. 

Inverted  engine  bjr  Bach,  488;  by 
Naonytb,  480. 

Iron,  ftrength  ot,  SS— 88;  llmiti  of 
elaitldty  of,  86, 58 ;  pccmr  itrain  to 
be  put  upon  Imn  in  engfnetand  nui- 
cbinet,  87 ;  acgravatloQ  of  itrain  by 
being  Intermittent,  SP;  li 
atrain  due  to  deaectioo,  40 

ofplllara  and  tubes,  48,  iL  .  

nation  of  BMllaable  and  cast  Iron,  44. 

Iron  catt,  strength  ci,  88—86 ;  caat 
iron  beam,  80-41 «  may  be  rtrong 
to  redit  atraini.  but  not  itiong  to 
letlrt  thoeka,  48 ;  should  be  com- 
l>ined  with  wvou^t  Iron  to  obtain 
maximum  itrength,  44b 

Iron,  If  to  be  ease  hardened,  thould 
be  homegeneoiM,  518. 

Jacket  of  cylinder,   advantages   of, 

116. 888. 
Joints,  rust,  bow  to  make,  514. 

Kingston's  vahres,8ia 

Lamb*!  scale  preventer,  853. 

Lantern  brass  in  stuffing  boxes,  889. 

Lap  and  lead  of  the  valve,  meaning 
of,  119. 

Large  vessels  have  least  proportionate 
resistance,  868. 

Latent  beat,  definition  of,  87. 

Lavagrian,  expansion  valve  by,  189. 

Lead  and  lap  of  the  valve^  meaning 
of,  119.  •*  a 

Lead  of  the  valve,  benefits  of,  806, 
8OT. 

Lever,  SS;  tntUity  of  plans  for  de. 
riving  power  flrom  a  lever,  84. 

Lifting  apparatus  tot  sonw  propeller, 
880. 

Llmiu  of  elasUclty,  S& 

Links,  main.  desoiiptiOB  U,  61.  78. 
188.849. 

Link  motion  of  direct  acting  screw 
engine,  4I& 

Link  motion,  how  to  set,  5B6. 

Locomotive  engines  t  general  descrip- 
tion of  the  kwomotive,  80 ;  Stephen- 
son's locomotive,  81 ;  Oooch's  loco- 
motive for  the  wide  gauge,  83; 
Crampton's  locomotive  for  the  nar- 
row gauge,  M. 

Locomotives,  adhesioa  of  wheels  of, 
831 ;  cost  and  performance  of,  888 ; 
flramlng  of,  837  \  cylinders  of,  8Sa 
848;  springs  of,  838;  outside  ami 
inside  cylinders,  339;  sinuous  mo- 


tion of,  399;  rocking  motkm  of, 
839;  pitching  motion  of,  341;  pis- 
tons»343 ;  piston  rods,  843 ;  guides, 
344 ;  cranked  axle,  3*5 ;  axle  bear- 
ings,  346 ;  eccentrics,  347 ;  eccentric 
rod.  346  i  starting  handle,  349 ;  link 
motion,  349;  valves,  how  to  set, 
349;  eccentrics,  how  to  readjust, 
351;  feed  pumps,  358  x  connexion 
of  engine  and  tender,  353 ;  driving 
wheels,  354;  wheel  tiics, 35d 
Locomotive  engine  of  modem  con. 
struction,  example  of,  447 :  fire  box, 
447;  barrel  of  boiler,  448;  tubes, 
448 ;  tube  plate,  448:  framing,  449s 
axle  guards,  449;  draw  bolt,  450* 
wheds  and  axles,  460;  cylinder*, 
450;  valve,  450;  piston,  450;  piston 
rod,  460;  guides,  450;  connecting 
rod, 460;  eccentrics,  451 ;  link  mo- 
tion, 451 ;  regulator,  451 ;  blast  pipe, 
451 ;  safety  valve,  451,  458;  feecl 
pump,  451,  458;  tendencies  of  im- 
provement in  locomotives,  453. 

Locomotive  boilers,  examples  of  m<v 
dem  proportions,  173. 

Locomotive  boilers,  details  of,  981. 

Low  pressure  or  condensing  engine 
deSniUon  of.  L 

Lubrication  of  rubbing  surfeoes,  88; 
the  friction  depends  mainly  on  the 
nature  of  lubricant,  88,  89;  oil 
forced  out  of  bearings  if  the  pres- 
sure exceeds  800  lbs.  per  square 
Inch  longitudinal  section,  30 ;  water 
a  good  lubricant  if  the  surfeces  are 
large  enough,  3D. 

Lubrication  of  oigine  bearings,  537. 

H'Naught's  indicator,  144—149. 
Main  beam,  strength  proper  for,  880. 
Main    centre,    description     oi;   67: 

strength  proper  for,  888. 
Main  links,  description  of,  61;  strength 


mSZL*"'"-- 


irils,  expanding,  Ibr  tubing  boil* 

ers,  9S8. 
Manhole  door,  48. 
Manhole  of  locomoUves,  865. 
Marine  flue  boilers,  proportions  of 

158— 16a    See  also  Boilers. 
Marine  boilers  of  modem  constme. 

tion,  proper  proportions  of;  174 
Marine  engines.    See  Steam  Engines, 

marine. 
Mastic  cement  ibr    setting  marine 

boilers,  835. 
MaudsUy,  Messm,  boUers  of  -  Betri- 
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butioB  *  and  "  Great  Wettern,"  by, 

15a 
Mechanical  powen,  88 ;  miaconcep- 

tiona  respecting,  2S.  84b 
Mechanical  power,  definition  of,  85; 

indestructible  and  eternal,  25 ;  the 

■un  the  source  of  mechanical  power, 

85. 
MeuUic    packing    for  plstona,   874. 

891. 
Metallic  padcing  for  stuffing  boxes, 

894. 
Meyer,  expansion  ralve  by,  189. 
Miller,  liavenhill,  and  Co.^s,  mode  of 

fixing  jiiston  rod  to  piston,  894. 
Modern  locomotives,  447. 
Momentum,  or  viM  viva,  10, 11. 
Morin.  experiments  on  friction  by,  S9. 
Mudholes  of  locomotives,  88& 
Munts's  metal,  composition  of,  519. 

Nasmyth*s  inverted  cylinder  engine, 

4HA. 
"  Niger**  and  "Basilisk,**  trials  of,  388. 
"  Nile,'*  boilers  of  the,  by  Boulton  and 

Watt.  164. 
Notch  of  eccentric  should  be   fitted 

with  brass  bush,  899. 

Oils  for  lubrication,  88.  See  Lubri- 
cation. 

Oscillation,  centre  of,  15. 

0:.cillating  land  engine  by  Tuxford, 
486;byCrosskill,487. 

Oscillating  paddle  engine,  description 
of,  71. 

Oscillating  geared  screw  engine,  de- 
scription of,  78. 

Oscillating  engine,  advantages  of,  888 ; 
Aitility  of  objections  to,  888  ;  deUils 
of  cylinder,  418.  415.  480$  ftaming, 
418;  condenser,  413;  air  pump, 
«14 ;  trunnions,  416i  490 ;  valve  and 
valve  casing,  417 ;  piston,  418 ;  pis- 
ton rod,  419;  air  pump  connecting 
rod  and  cross  heacL  4a>  i  air  pump 
rod,  4tt;  eccentric  and  eccentric 
rod,  483;  valve  gear,  484;  valve 
sector,  4V5 ;  shaft  plummer  blocks, 
487 1  trunnion  piummer  blocks, 
487  ;  feathering  paddle  wheels,  488, 
489;  packing  of  trunnions,  438. 

Oscillating  engines,  bow  to  erect, 
583. 

Outside  and  inside  cylinder  locomo- 
tives, 339. 

Packing  for  stuffing  box  of  Watt's 
engine,  tiO. 


Facking  of  pistoo  ofpun^ng  en^fnc% 
how  to  acoompUsh,  874l 

Packing  of  trunnions,  43SL 

Paddle  bolts,  proper  mode  of  Awming, 
383. 

Paddle  centres,  3!8. 

Paddle  floats,  923. 

Paddle  shaft,  description  of,  eS. 

Paddle  shaft,  details  of.  324. 

Paddle  shaft  plummer  blocks  of  oscil- 
lating engines,  487. 

Paddle  wheels,  details  «>r,381;  stnic 
ture  and  operation  of,  9G9:  sUp  cO, 
370 ;  centre  of  pressure  of,  S/1 ;  roll- 
ing circle,  378(  action  of  oblique  floats, 
37fi  {  rule  fbr  prouortiooing  paddle 
wheels,  377  ;  benedu  oflarie  floats, 
S7a 

Paddle  wheels,  fcathwing,  deaeriptioe 
of,73;deUilsof,49& 

Paddies  and  screw  combined,  407. 

Parallel  motion,  description  of,  6L 
69 ;  how  to  lay  off  centres  of,  582. 

Pendulum,  17 ;  cause  of  vibmiioos  oC 
18  ;  relation  of  vibrations  of  pendu- 
lum to  velocity  of  fiUUng  bodies,  1 P : 
conical  pendulum,  or  governor,  d.*, 

Penn,  Messra.,  engines  of  **Greit 
Britain,*'  by,  76 ;  direct  acting  acres 
engines  by,  78 ;  trunk  engines  by. 
7& 

Performance  of  loeoraoUves,  saSL 

Performance  of  portable  engioea,  47iL 

"  Peterhoff,*'  engines  of;  71. 

Pillars,  hoUow,  strength  of,  4ft ;  Uw  of 
strength  varies  with  thiekneas  of 
metal,  43L 

Pillar  or  column  engine,  by  Fembee, 

4ea 

Pi|ie  for  receiving  screw  shaft,  317. 
Pipes  of  marine  engines,  315. 
Piston,  description  of.  H.  56;  bow  to 

pack  with  hemp,  874 
Pistons,  metaUic  pecking  for,  274  S9L 
Pistons  for  oscillating  enginca,  8S3L 

4ia 

Pistons,  how  to  fit  and  flniah,  5ia 

PUtons  of  locomotives,  343. 

Piston    rod,   description  of,  St.  67; 

strength  proper  A>r,  218. 223. 
Piston  rods  of  locomotives,  34SL 
Piston  rod  of  oscillating  engine,  4191 
Piston  rods  of  direct  acting  screv  ca- 

gtne,438. 
Pitch  of  the  screw,  380. 
Pitch,  increasing  or  expanding,  380. 
Pitching  motion  in  looomotivea,  341. 
Planometers,  or  fiice  pUtes,  511. 
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Plough,  steam,  by  Uther,  4ii3. 

I'luiiMTier  blocks  of  $hRt\»  and  trun< 
nioiis  of  oscillating  engines,  427. 

Piuinmcr  blocks  for  receiving  thrust 
of  screw  propeller,  319.  443,  444. 

riun/fr  of  feed  pump.  310. 

Poi  table  agricultural  engines,  455. 

I'ortable  enf;ines,  prices  of,  475. 

]  orts  of  the  cylinder,  area  of.  205. 

I'oi-lid  valves  of  air  pump,  3U0. 

I'owors,  mechanical.  22 ;  misconcep- 
tions respecting,  S3.  S4. 

Power,  horses,  definition  of,  131  ;  no- 
minal and  actual  power,  1.32— 13''; 
power  of  high  pressure  engines, 
1:H. 

I'owcr  necessary  for  thrashing  and 
grinding  corn,  working  Kuear  mills, 
spinning  cotton,  sawing  timber, 
pressing  cotton,  blowing  furnaces, 
driving  piles,  and  dredging  earth 
out  of  rivers,  4<)8— 5(H. 

Pressing  cotton,  power  necessary  for, 
5(13. 


engines. 


prices  of  portable  engines.  475. 
Prices  of  fixed  agricultural  e 
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Pi  iming,  nature  and  causes  of,  185— 
1S7. 

I'rtniing,  if  excessive,  may  occasion 
exj>loj«ion,  1^8. 

Pro|iellt?r,  screw,  description  of,  77. 

iVoportions  of  screw.<i  with  two,  four, 
and  six  blades,  4(>2— 404. 

Proving  of  Iwllcrs,  23^. 

Prussiate  of  potash  for  case  harden- 
ing, 516. 

Pumping  engines,  mode  of  erecting, 
271 ;  mode  of  starting,  275. 

PuintM,  los*  of  effect  In,  at  high  speed 
and  with  hot  water,  110.  2<i9 ;  causes 
of  this  loss,  214;  remedy  for,  215. 

Pumps  used  for  mines,  277. 

Tump,  air,  description  of,  58  :  action 
of,  60. 

Pumps,  air.  proper  proportions  of, 
20/ ;  single  and  double  ucting,  208. 

Pump,  centrifugal,  better  than  com- 
mon pump,  2^. 

Pump,  Piild  water,  description  of,  58. 

Pump,  fcod,  description  of,  BS  ;  action 
of,  60  :  proper  dimensions  of,  109  ; 
rule  for  proportioning,  213 ;  plunger 
of,  310 ;  valves  of,  310. 

Pump,  steam,  by  Worthington  and 
Baker,  496. 

Pump  valves  for  mines,  ftc,  278. 279. 

Punching  and  shearing  boiler  plates, 
2St 


Railway  wheels,  bursting  velocity  of 

\5. 
Railway  trains,  resistance  of,  188.  632 

-S3H. 
Ritn somes  and  Sims*  portable  engine, 

457  ;  tixed  engine,  477. 
Rarcf.iciion   or  exhaustion  produced 

bv  chimuevs,  181. 
•♦  Hattler"  and  •♦Alecto,"    trials    of, 

r>8,s. 
*•  Red  Rover,'*  engines  of,  f57. 
HoKiittration,  benefits  of.  409. 
Kegiiault,   experimenu  on  beat   by, 

89.  105. 
Regulator,  a  valve  for  regulating  the 

adm  is.sion  of  steam  in  locomotivts, 

description  of,  81 ;  various  forms  of, 

efi9,  270. 
Rennie,  experiments  on  fk-icUon  by, 

28. 
Rennie,  Messrs.,  engines  of  steamer 

*'  Peterhoff"by.  71. 
Resistance,  exf)erienced    by    railway 

trains,  188.  33-2—3:36. 
Resi>.tjince  of  vessels  In  water,  S.=:9 ; 

mainly  made  up  of  friction,  361 ; 

experiments  on,  ;363— 368. 
Resistance  and  speed  of  vessels  influ- 
enced by  their  site,  368. 
**  Retribution,"  boilers  of,  by  Messrs. 

Maudslay,  159. 
Riveting  and  biulklng  of  land  boilers 

232. 
Rocking  motion  of  locomotives,  339. 
Rolling  circle  of  paddle  wheels.  372. 
Rotatory  engines,  deHnition  of,  2. 
Rotative  eng'nes,  definition  of,  2. 
Rust  joints,  how  to  make,  514. 

Safety  valve,  description  of,  69 ;  of 

locomotives,  81 ;  area  of,  in  low  pres. 

sure  engines,  201  ;  in  locomotives, 

2U2.  451. 
Salinometer,  or  salt  gauge,    how  to 

use,  528  ;  ht)w  to  construct,  529. 
Salt,  accumulation  of,  prevented   in 

marine  boilers  by  blowing  oflT,  7 ; 

if  allowed  to  accumulate  in  boilers 

may  occasion  explosion,  200;  amount 

of.  in  sen  water,  248. 
Salt  water  produces  surcharged  steam, 

257. 
Salting  of  boilers,  what  to  do  if  this 

takes  place,  529^<>3l. 
Sawing  timber,  power  necessary  for, 

n03. 
Sc;i1p  in  marine  boilers,  846.    See  also 

S:ilt. 
Scale  iirevcntcr,  Lamb's,  S53L 
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Scrap  Iron,  unniiUUe  for  caie  harden. 
ing.5t6. 

Scraping  toob  for  moul  «ttrfiioet,510. 

Screw,  & 

Screw  engine,  geared  o<iclUating,  de- 
•cription  of,  76;  direct  acting,  de- 
•cription  of,  79. 

Screw  engine,  direct  acting,  bj  Meisri. 
John  Bourne  and  Ca,  433. 

Screw  engines,  beat  forms  of,  S85. 

Screw  frame  In  deadwood,  318. 

Screw  propeller,  description  of,  77. 

Screw  propeller,  mode  of  fixing  on 
•haft,  317 ;  modes  of  receiving 
thrust,  319;  apparatus  for  lifting, 
390 ;  configuration  of,  379 ;  action 
of,  379;  pitch  of  the  screw,  380; 
screws  of  increasing  or  expanding 
pitch,  380 ;  slip  of  the  screw,  381  ; 
positive  and  negative  slip,  382;  screw 
and  paddles  compared.  383;  test  of 
tl)edvnamometer,387:  triaUof  **Rat. 
tler'^^and  "Alecto,"  and  "Niger" 
and  "  BasilUk,'*  388;  indicator  and 
dynometer  power,  SM ;  lost  of  power 
in  screw  vessels  in  head  winds,  3P1 ; 
the  screw  should  be  deeply  im- 
mersed, 394 ;  screws  of  the  E^rl  of 
Dundonald,  Hodgson,  Griffith, 
Holm,  and  Seattle,  396—400;  la. 
teral  and  retrogressive  slip.  4<X) ; 
sterns  of  screw  vessels  should  be 
sharp,  401 ;  proportions  of  screws 
with  two.  four,  and  six  blades,  402 
—404;  screw  vessels  with  auxiliary 
power,  405 ;  screw  and  paddles  com. 
Dined,  407;  economy  of  fuel  In 
steam  vessels,  409;  benefits  of  re- 
gistration, 409. 

Screw  propeller.  Holmes  concholdal, 
446. 

Screw  shaft,  deUlb  of,  S17. 

Screw  shaft  pipe  at  stern,  317. 443L 

Screw  shaft  brasses  of  direct  acting 
screw  engines,  435. 

Sea  water,  amount  of  salt  in,  84& 

Sea  injection  cocks,  313. 

Sector  for  valve  of  oscillating  engine, 
425. 

Setting  of  waggon  boilers,  233 ;  of  ma. 
rine  boilers,  2S5w 

SKting  the  valves  of  locomotives, 
349. 

Shalt^  paddle,  details  of,  324. 

Shaft  of  serew  propeller,  details  of, 
317. 

Shafts,  strength  of,  221, 222. 226. 

Shank's  steam  gauge,  144. 

Shocks  may  not  be  well  resisted  by 
iron  that  can  well  reeUt  strains,  43  ; 


efftct  of  Inertia  In  reaiauBg 

43L 
Side  levers  or 

67. 
Side  lever  marine  engines, 

of,  67—70. 
Side  lever  englnea,  how  to  erect.  519 

—528. 
Side  rods,  descriptkm  of,  67 ;  atrength 

proper  for,  224. 
Single  acting  engines,  definition  nf,  2. 
^ngle  acting  or   pumping  cneiDM. 

mode  of  erecting,   27l ;    mode  of 

starting,  275. 
Sinuous  motion  of  locomotives,  S3I9. 
Slide  valve,  67 ;  various  forms  of,  1 16 ; 

long  D  and  three  ported  valre,  de. 

scription  of,  117  ;  action  of  the  slide 

valve,  118;  lead   and    lap    of  the 

valve,  119;  rules    for  dccemuning 

the  proportions  of  valves,  lai,  12i . 

advantages  of  lead  In  awtft  nonnc 

engines,  122. 
Slide  valve,  equilibrium,  SM — ^S97. 
Slide  valve   with  balance  psstoo   of 

direct  acting  screw  engine.  4^. 
Slide  valve,  how  to  finiith.  512.  5l3L 
Slide  valvea  of  marine  engines,  bow  te 

set,  585. 
Slip  of  paddle  wheeU,  370. 
Slip  of^  the  screw,  881  ;  positive  and 

negative  slip,  382  :  lateral  and  retro. 

gr»sive  slip,  400. 
Smoke,  modes  of  consmning.  96 — 104. 
Smoke  burning  fbmacea  ;  WIIiian«*« 

argand,  07;   Prideauxs,    97— >Kti; 

Boulton  and  Watt's  dead  plate,  lti| ; 

revolving  grate,  101 1  Juckea's,  1(>^; 

Maudstoy*s,  108 :  HaU*s^Oo«q»laiirfX 

Godson's,     Robinson^     Stercns's, 

Haieldlne's,  ftc,  101 
**  Snake"  locomotive,  447. 
Southern,  experiments  on  fk-iction  by. 

28 ;  experimenta  on  steam  by,  lOSC 
Specific  heat,  definition  of.  891. 
Speed  of  vessels  Influenced  by  their 

site,  368. 
Spheroidal    condition    of  water    ia 

boilers,  197. 
Springs  of  locomotives,  SSS. 
Stand  piye  for  low  pressure  boHtn, 

48,  49  155. 
Starting  handle  of  locomotives.  SI& 
SUyingofboileia,  198, 194,  19&. 
Staying  tube  plates  mode  of,  216. 
Sta^ng  fire   boxes  of  locomotives. 

Steam,  evperiments  on  hy  Sootbcra, 
French  Academy,  Franklin  Insti- 
tute, and  M .  Rcgnault,  105. 
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Steam  and  water,  rdattvo  tulkj  of, 
108L 

Steam,  ezpantion  of.  111 ;  prcasureof, 
inversely  at  wpace  occupied,  US. 
See  alao  Rxpansimi  of  Steam. 

Steam  engine :  general  description  of 
Watt*s  double  acting  engine,  M. 

Steam  engine,  various  forms  of,  for 
prouelling  veuds,  65— 80{  paddle 
engines  and  screw  engines,  65; 
principal  varieties  of  pSMldleenRinea, 
65 ;  diflbrent  kinds  of  paddle  wheels, 
66 ;  the  side  lever  engine,  66 ;  de- 
scription of  the  side  lever  engine, 
67—70 ;  oscillatine  paddle  engine, 
71 ;  description  offeathering  puddle 
wheels,  73 ;  oscillating  geared  screw 
engine,  76;  direct  acting  screw 
engine,  78. 

Steam  dome  of  looomotiven,  265. 

Steam  gauge,  &  143  ;  Bourdon's,  143; 
-Shank's,  144. 

Steam  jacket,  benefits  of,  llfl  S88. 

Steam  passages,  area  of,  S03— £05. 

Steam  plough,  Usher's,  4i)3. 

Steam  pump,  Wortliington  and  Ba- 
ker's, 4»& 

Steam  ro(»m  in  boilers,  183—185. 

Steam,  surcharged,  law  of  expansion 
by  heat,  106. 

Steel,  strength  of.  34. 

Stephenfon,  link  motion  by,  1S7. 

Stop  valves  between  boilers,  218. 

Straight  edges,  511. 

Strains  subsisting  in  machines,  33. 

Strain  proper  to  be  put  upon  iron  In 
engines,  37. 

Strains  In  machines  Tary  inversely  as 
the  velocity  of  thepart  to  which  the 
strain  is  applied.  38 ;  aggravated  by 
bemg  Intermittent,  39;  increase  of 
strain  due  to  deflection,  40 ;  efTbcts 
of  alternate  strains  in  opposite  di- 
rections, 41. 

Strength  of  materials,  33. 

Strength  of  hollow  pillars,  42;  law  of 
strength  varies  with  thickness  of 
metal,  43. 

Strength  of  cast  iron  to  resist  shocks 
does  not  vary  as  the  strength  to  re- 
sist strains,  4S ;  increase  of  Rtrength 
by  combination  with  cast  iron,  44. 

Strength  of  boilers,  VJ9 ;  experiments 
on,  by  Franklin  Isstitute,  190  r  by 
Mr.  Fairbaim,  191 ;  mode  of  com- 
)>uting,  191,  19S ;  mode  of  staying 
fur  strength,  1H3,  194. 

strengths  of  engines :  cylinder,  217 ; 
iruunions,  217  ;  piston  rod.  218. 223 ; 
main   links,  £16;   connecting  rod. 


218.  SM;  studs  of  the  beam,  21^; 
gudgeons,  219 ;  working  beam,  2!bO ; 
cast  iron  shaft,  221,  22^! ;  malleabk 
iron  shaft,  226:  teeth  of  wheels, 
222 ;  side  rods,  284 ;  crank,  224— 
226 ;  crank  pin,  227 ;  cross  head, 
227 ;  main  centre,  228 ;  gibs  and 
cutters,  &29. 

Studs,  strength  proper  for,  219. 

Stuffing  box,  description  of,  60. 

Stuffing  boxes  with  metallic  packing 
290 ;  with  sheet  brass  packed  be- 
hind with  hemp,  290;  sometimes 
fitted  with  a  lantern  brass,  289. 

Sugar  mills,  power  necessary  to  work, 
5(11. 

Summers*  experiments  on  the  friction 
of  rough  surfaces,  32. 

Surcharged  steam,  law  of  expansion 
of,  by  heat,  loa 

Surcharged  steam  produced  by  salt 
water,  257;  corrosive  action  of, 
457. 

Surfaces,  how  to  make  true^511. 

Sweeping  the  tubes  of  boilers  clean  of 
soot,  352. 

Table  engine  by  Tuxford,  484 

Teeth  of  wheels,  222. 

Telescope  chimneys,  245. 

Tender  of  a  locomotive,  description 

of,  83;  attachment  of,  to  engine. 

353. 
Thrashing  corn,  power  necessary  for, 

496 
Throttle  valve,  description  of,  54. 
Thrust  of  the  screw  propeller,  modes 

of  receiving,  319. 
Thrust  plummer  block,  443, 444. 
Tires  of  io<         " 


r  locomotive  wheels,  356L 


Traction  on  railways,  830L 
Ine   by    M< 


Rennie, 


Trunk   engine     , 

disadvantages  of,  285. 
Trunk  engines  by  Messrs.  Penn,  78. 
'J'runnions  of  oscillating  engines,  de- 
scription of,  71 ;  strength  proper  for, 

217;  details  of,  415. 
Tnmnion  packing,  432. 
Trunnion  plummer  blocks.  427. 
Tube  plates,  mode  of  staying,  242. 
I'ube  plates  of  modem  locomotives, 

448. 
Tubes  of  modem  locomotive  bollera, 

44& 
Tubes  of  boilers,  how  to  aweep  clean 

of  soot,53S. 
Tubing  of  boilers,  241. 
Tubing  locomotive  bollera,  268L 
Turner's  portable  engine,  466;  per. 

funnaiice  oi',  4o7 ;  Uxed  engine^  4791 
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'Itixford  and  Son»'  portable  fnjjine, 
4fiS.  470,  471  ;  Mbl-  engine,  484 ; 
«<aubltt  side  rod,  486  i  u&ciilatii>g, 
486. 

Uther'i  iteam  plough,  4QX 

Valve,  atTnosphnic,  48. 

Valve  rnsing.  description  of,  56. 

Valve  caoiiig  should  hare  exi>anslaa 

joint,  S89. 
Valve  and  TaTre  caaing  of  oacillating 

engine,  417. 
Valve   delivery,    description    of,  58; 

action  of.  fiO. 
Valve,  e<jujTil>riuni  slide,  9?*4— C97 
Valve,  foot,  description  ot,  j8  ;  action 

of.  GO. 
Valve  gear   of  Watfs    engine,   57; 

action  of.  S9. 
Valve  gear  of  oariltating  engir.c,  424. 
Valve,  gridiron,  29fi. 
Valve   sector  of  osnillating  engines, 

4i">. 
Valve,  alide.    Ste  Slide  Valve. 
Vrtlve,  slide,  how  to  finish,  512,.'i'3L 
V Hires,  ball, :«« ;  Helidor's,  might  be 

used  for  foot  and  delivery  valve«, 

a(X);  butterfly,  of  air  puinp,    .'^m ; 

concentric  riiig,  for  air  puinpbucket, 

301. 
Valves,  escaiie,  for  cylinders,  990. 
Valves,   expansion.     Sve  £x|xin»ion 

Valves. 
Valves  of  feed  pumj>«,  SlO. 
Vflives  India  rubber,  iur  air  pump, 

S02— 35T1. 
V.^lvts,  Kingston's.  313. 
X'alvcs  of  k>comoi!vc9,  how  to   set. 


Valves,  poUlid,  nf  air  pump,  3n0. 
Vacuum,  meaning  of.  1  ;  nature  an  1 

uses  of,  4 ;  bow  maintained  iu  et.. 

gines,4. 
Vacuum  somctiines  occurs  in  boiV-  ■, 

rt  :  evils  of  a  vat-uuin  in  boiler*,  7. 
Vacuum,    velocity   with    which    s.ir 

rushes  into  a,- 7. 
Vacuum  gauge,  6,  14S  ;  Bourdon's 

US. 
Velocity  of  air  entering  a  vacuum,  7. 
Velocity  of  falling  bodies,  &. 
Vent  of  boilers,  deflnitiun  of.  161. 
Vessels,    resistance  of,  3J9 ;    main'r 

made  up  of  friction  In  gncd  form*, 

36\  ;  experiuienis  on,  SGi — J68  ;  in 

fluence  of  fixe,  ?68. 
Fis  viva,  or  nicehauical  power,  10,  II. 

Waste  steam  pipe,  544^ 

Wa-vte  water  pipe,  .S13.  514- 

"Water  required  for  cnndensatioo,  3Ce»  ; 

W>uinps  lor  supplying,  SIS. 
att's  double  acting  engine,  deacri]*- 

tion  of,  54. 
Wedge.  S2. 

Wheels,  toothed,  for  screw  engincv,  7.>. 
Wheels,  teeth  of,  822. 
Wheels  of  locomotives,  ■dhcaioo  f^r 

SSI 
Wheels,  dri^'ng,  ofloconaotives,  S>k 
Wheel  tu-e*  Sad. 
Wheels  ami  axles  of  modem   loio- 

motivcs,  450. 
Wood,  ex|)criments  on  fViction  by.^x. 
Wood,  evaporaMvc  efficacy  o:,  9^ 
Working  be.im   of  land  enffine,  de* 

scription  of,  54. 
Wortnitigton    and     Baker's 

pump,  VJ6, 
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Wood  (200  new  in  the  Fifth  Edition),  price  42a. 
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The  Sixth  Edition  of  the  Artisan  Club**  Treatise  on  theSteam-Engine. 


CRITICAL  OPINIONS  OF  THE  FIFTH  EDITION. 

*Whilb  many  books  have  been  usefully  composed  to 
make  the  seneral  public  acquainted  with  that  power  which  in  chan^iii; 
the  face  or  our  country,  and  altering  many  of  the  conditions  of  society, 
the  Artisan  Club's  Treatise  on  the  Steam-Engine  has  steadily  adrauced 
in  the  esteem  of  thoee  permns  who  need  a  more  thorough  and  work^ 
ing  acquaintance  with  the  subject.  The  claims  of  this  work  have  always 
been  based  on  its  practical  character.  It  origlnalljr  appeared  In  parts,  with 
the  defects  of  form  and  arrangement  incident  to  that  mode  of  publication; 
besides  this  disadvantage,  its  literal  shortcomings  were  conspicuous ;  yet  tlie 
amount  of  solid  information  in  which  It  abounded,  and  its  practical  tendency, 
which  the  mechanical  members  of  the  profession  were  quick  to  recognise,  in- 
sured for  It  great  success.  In  this  flflh  edition,  the  original  treatise  is  no 
changed  by  excision,  amplification,  and  amendment,  that  the  work  is  sub- 
stantially new.  It  is,  in  hd^  a  system  of  elaborate  treatises  on  the  scientiflo 
principles  which  govern  the  steam-engine,  and  their  practical  application  to 
it<t  se%'eral  parts  In  constmction ;  and  with  Its  S7  plates  and  546  wooilcuta 
(200  new  in  this  edition),  added  to  its  extensive  tables.  It  forms  a  truly  cyclo- 
psedian  monograph.  In  offering  it  to  the  public  as  the  maturer  product  of 
his  skill,  its  experienced  Author  says  —  If  tkia  work  U  tobe  mjMfwdsd  by  a 
better  one^  H  mutt  bt  written  by  $ome  other  pereon  tMan  me;  for.  upon  Ike 
whole,  itieae  good  a  work  aelam  able  to  write  on  the  euf^feet.  it  is  indeed 
difllcult  to  coDoeive  anything  more  complete  and  exhaustive.' 

Daily  Nxws. 

London  i  LONa\IAN,  GEEEN,and  CO.  Paternoster  Bow. 


'  This  reproduction  of  the  Artuan  Club  s  Treatise  on  the 
Steam-Engine  contain*  to  many  additions  and  emendation*  a*  to  nuia 
the  work  ■ub*tantially  a  new  one.   The  new  edition  extend*  to  4M  dowly* 

printed  page*. The  work  ia  admirably  arranged:  a  lante  nomber 

of  new  plaJte*  and  woodcut*  ha*  been  added;  and  it  na*  been  careftiUy 
indexed,  so  that  all  the  information  contained  in  it  i*  easily  aooeasibfe.  Tbe 
Bixe,  fulneM.  and  aoooracy  of  the  volume  are  the  best  evidences  of  the  great 
labour  which  the  Author  ha*  bestowed  upon  it,  and  of  his  practical  ac^uint- 
ance  with  the  subject ;  and  we  can  oonKratulate  him  upon  aooompliihuix  hii 
tiitk  of  embody  iuff  in  this  treatiae  the  best  informatioD  on  the  subject  of  the 
steam-engiue  which  at  presenu  exista.'  MiCHuracjs*  MAflAznrx. 

'  The  first  edition  of  this  great  work  was  brought  out  in 
parts  in  1816,  with  many  imperfections,  dearly  discerned  by  its  Editor. 
These  defecu  were  so  compensated  by  novel  and  sterling  qnalitiea,  that  tb« 
book  at  once  commended  itself  to  the  favour  of  practical  men,  and  hu  n- 
tallied  iu  position  ever  since.  The  present  edition  is  to  a  great  extent  a  new 
work,  cleared  of  the  fkults  which  disflgured  the  original,  and  retaining  oa]j 
thoee  parts  which  continue  to  represent  the  present  state  of  the  topics  of 
which  they  treat.  Mr.  Bourne  himself  is  satisfied  with  the  treatise  as  it  dov 
stands.  If  tkta  work,  he  says  in  his  preface,  u  to  be  tupenetUd  bp  a  better 
one,  it  must  be  written  by  txme  other  penon  tkan  me;  for,  woom  tke  whole,  it  a 
at  pood  a  work  aelam  able  to  write  on  the  eubjeet.  The  volume  is  ftunisbed 
with  elaborate  tables,  and  no  less  than  87  pbaes  and  646  woodcuts,  of  vhidi 
200  are  new  iu  this  edition.  We  suppose  it  is  impossible  that  in  the  pncent 
state  of  the  arts  the  work  could  have  been  got  up  in  a  more  appropriate  or 
aatialactoiy  manner.'  liPXCTAiDX. 

'  The  fifth  edition  of  the  invaluable  work  on  the  Bteam- 
engine  drawn  up  under  the  revision  of  the  Artisan  Club  has  Just  been  pab- 
lished,  with  the  information  brought  down  to  the  present  lime  by  Mr.  J. 
BouBNB.  the  original  Editor,  and  so  many  additions  and  emendaiions  as  to 
entitle  the  volume  to  be  considered  a  new  treatise.  Mr.  Bourne  dedarn 
that  most  of  the  fhults  In  the  original  work  have  been  cleared  away,  and 
that  he  has  spared  no  pains  to  render  the  present  edition  serviceable  to  tw 
reader,  and  a  fair  embodiment  of  the  best  information  which  at j>r8Mat 
exisu  on  the  subject  of  the  steam-engine.  To  dilate  upon  the  merits  ot  % 
work  so  well  known  as  the  Artisan  Club's  Treatise  on  the  Steam- IkOgiM 
would  be  useless ;  but  for  thoee  person*  who.  owing  to  their  brief  oooneuon 
with  the  enfrineering  profession,  are  unacquainted  with  the  book,  we  ma.^ 
state  that  the  history  of  the  steam-engine,  and  Its  gradual  improveinent 
from  the  earliest  period  of  which  we  have  any  record,  lo  the  present  nme, 
is  carefully  and  Judiciously  given,  and  that  every  point  connected  «r>M>  t°« 
practical  details  of  the  steam-enguie  is  fiairly  and  dispaasiaoately  discu«M<i- 
Beyond  this  we  need  only  refer  to  the  subJecU  treated  of  In  the  aeveni 
chapters— the  scientific  principles,  the  general  theory,  and  the  propoitioM 
of  the  steam-engine;  on  boilers;  on  pumping,  mill,  marine,  loconMUve, 
and  agricultund  engines;  steam  navigation ;  prefects  of  improvenirat  in  tM 
steam-engine;  and  rules  and  tables  for  flndSng  the  proper  invP<>f^'^[!*?| 
steam  engines.  To  these  Is  added  an  appendix  containing  all  the  theorecKai 
data  likely  to  be  required  by  the  practical  engineer.  The  whole  of  »e  imor* 
mation  given  Is  rendered  particularly  lucid  by  the  carefully  executed  lus- 
trations which  accompany  the  volume.  Aa  a  treatise  for  practioai  men  w 
work  is  as  near  perfection  as  any  that  has  yet  been  published,  snd  «ui, 
doubtless,  long  maintain  the  high  repulation  which  iU  acknowledged  menu 
have  secured  for  it.'  Mnrnie  JotrWAi. 
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HISTOBT  of  the  BI8E  and  INFLUEKCE  of  the  SPIBIT  of 
BATIONALIStt  In  EUBOFE.  ByW.E.H.LBCKT.HJL.  Second  Edition, 
revised.   2  vols.  8vo.  26«. 

The  BIOOBAFHICAL  HISTOBT  of  PHILOSOPHT,  from  its  Origin 
in  Greece  to  the  Present  Bay.  By  Gboboe  Hsnbt  LsifES.  Bevised  and 
enterged  Edition.   8vo.ie«. 

HISTOBT  of  the  IKBTTCTIYE  SCIENCES.  By  William  Whewsll, 
D.D.  P.E.S.  Master  of  Triu.  CoIL  Cantab.  Third  Edition.  8  vote,  crown 
8vo.  249. 

EGYPT'S  PLACE  in  UNIVEBSAL  HISTOBT;  an  Historical  Investi- 
gation. By  C.  C.  J.  Bubsev,  DJ).  Translated  by  C.  H.  Cotteell,  M.A, 
with  many  Illustrations.  4  vols.  8vo.  £5  89.  Vol.  v.  is  nearly  ready,  com- 
pleting the  work. 

XAUHBEB'S  HISTOBICAL  TBEASUBT ;  comprising  a  General  In- 
troduotoiy  Outline  of  Universal  History,  and  a  series  of  Separate  Htetoriea. 
Pep.  109. 

HISTOBICAL  and  CHBONOLOGICAL  BNCYCLOP.SDIA,  presenting 
in  a  brief  and  convenient  form  Chronological  Notices  of  all  the  Great  Events 
of  Universal  History.   By  B.  B.  Woodwabd,  F.S Ji..  librarian  to  the  Queen. 

lln  the  press, 

HISTOBT  of  the  CHBISTIAK  CHUBCH,  from  the  Ascension  of 
Christ  to  the  Conversion  of  Constantine.  By  E.  Bubtobt,  D.D.  late 
Begins  Prof,  of  Divinity  in  the  University  of  Oxford.  Eighth  Edition. 
Pep.  89. 6d. 

SKETCH  of  the  HISTOBT  of  the  CHTTBCH  of  EBGLAITB  to  the 
Revolution  of  1688.  By  the  Bight  Rev.  T.  Y.  Shobt,  D.D.  Lord  Btehop  of 
St.  Asaph.    Birth  Edition.    Crown  6vo.  109. 6J. 

HISTOBT  of  the  EABLT  CHUBCH,  from  the  First  Pneaching  of  the 
Gospel  to  the  Council  of  NiCBa»  aj>.  825.  By  the  Author  of  *Amy  Herbert.' 
Pep.  49.  M. 

The  EHGLISH  BEFOBMATIOK.  By  F.  C.  Massingbebd,  M.A. 
Chancellor  of  Lincoln  and  Rector  of  South  Ormsby.  Third  Bdition*  revteed 
and  enlarged.    Pep.  69. 

HISTOBT  of  WESLETAH  KETHOBISX.  By  Gboboe  Smith, 
PJ^.S.   Pourth  Edition,  with  numerous  Portraits.   3  vote.  or.  8vo.  79.  each. 


LECTUSEB  on  tue  lilBTOJjLY  Of  MOUJSlU!!  AUBIC,  dearered  at  the 
Royal  Institution.  By  John  Hullah.  Professor  of  Tocal  Music  in 
King's  CoUefi^  and  in  Queen's  College,  London.  Fibat  Coussb.  with  Chro- 
nological Tables,  post  8vo.  69.  6d.  8BCt>in>  Coursb,  on  the  Transition 
Period,  with  40  Specimens,  8vo.  16». 


Biography  and  Memoirs. 

LETTEB8  and  LIFE  of  FBAKCIS  BACOK,  inclading  all  his  Occa- 
sional Works.  Collected  and  edited,  with  a  Commentary,  bj  J.  SPBPBiao, 
Trin.  Coll.  Cantab.    Vols.  I.  and  II.   8yo.  24*. 

PASSAGES  from  the  LIFE  of  a  PHILOSOPHEB.  By  Cuaxles 
Babbagb,  Esq.  MJL  F.E.S.  &c.    8vo.  lit. 

LIFE  of  BOBEET  STEPHEKSOK,  F.B.S.    Br  J.  C.  Jeawwrbsos, 

Barrister-at-Law;  and  William  Polb,  F.R.S.  Memb.  Inst.  CiT.  Eng. 
With  2  Portraits  and  17  Illustrations.    2  vols.  8yo.  92s. 

LIFE  of  the  BIIKE  of  WELLIHOTOK.  By  the  Rev.  G.  R.  Gijcig, 
M.A.  Popular  Edition,  carefully  revised;  with  copious  Additions.  Crcwn 
8vo.  with  Portrait,  6«. 

Briahnont  and  Oleig^s  Life  of  the  Bake  of  Wellington.  4  vols. 
8vo.  with  Illustrations,  £2 149. 

Life  of  the  Bnke  of  Wellington,  partly  from  the  Rrench  of  M. 
Bbialmoitt,  partly  from  Original  Documents.  By  the  Bev.  G.  R. 
Glbio,  M.A.    8vo.  with  Portrait,  15*. 

HI8T0BT  of  XT  EELIOIOVS  OPIKIOKS.  By  J.  H.  Newkak,  D.D- 
Being  the  Substance  of  Apologia  pro  YitA  SuA.    Post  8vo.  6«. 

FATHEB  MATHEW:  a  Biography.  By  John  Francis  ^djLOxnxL, 
M.P.    Popular  Edition,  with  Portrait.    Crown  8vo.  39. 6c{. 

Home ;  its  Bnlers  and  its  Institutions.  By  the  same  Author.  New 
Edition  in  preparation. 

XEKOntS,    MISCELLANIES,   and  LETTERS  of   the  late  LUCT 

Aikin ;  including  those  addressed  to  Dr.  Channing  from  1836  tol84S.    Bdit^  I 
by  P.  H.  Lb  Brbtok.    Post  Svo.  89. 6<i.  | 

LIFE  of  AXELIA  WILHELMUTA  SIEVEEIEO,  from  the  German. 
Edited,  with  the  Author's  sanction,  by  Cathbbine  Wikkworth,  Post  $▼*. 
with  Portrait,  129. 

LOinS  SPOHE*S  AVTOBIOORAPHT.    Translated  from  the  Germaii. 

Svo.  149. 

BIARIE8  of  a  LAB7  of  QVALITT,  from  1797  to  1844.  Edited,  with 
Notes,  by  A.  Haywarp,  Q.C.    Second  Edition.    Post  Svo.  lOf.lkf. 


NEW  WORKS  PUBLISHED  BT  LONGMANS  aitd  CO.  5 

FEUX  XSHBSLSSOHK'S  LETTESS  from  Italy  and  SwiUerland, 
and  Letten  from  18SS  to  1847,  translated  by  Lady  Walla  ci.  New  Edition, 
with  Portrait.   2  volg.  crown  Svo.  U,  each. 

££C0LLECTI0ir8   of  the  late  WILLIAM   WILBEBPOBCE,   KF. 

for  the  County  of  York  during  nearly  SO  Years.    By  J.  S.  Uarfosd,  F.R.S. 
Second  Edition.    Post  Svo.  7s, 

MEXOIES  of  Snt  HENBT  HAYELOCK,  K.C.B.  By  John  Clark 
HARBIIMA27.    Second  Edition.    Svo.  with  Portrait,  12f.  6d. 

THOXAS   XOOBFS    XEMOIBS,    JOXmHAL,   and  COBBESFOVB- 

ENCE.    Edited  and  abridged  from  the  Eirst  Edition  by  Earl  Busssll. 
Square  crown  Svo.  with  S  Portraits,  12«.  6d, 

MXIEOIB  of  the  Bey.  SYBKET  SMITH.  By  his  Daughter,  Lady 
Holland.  With  a  Selection  from  his  Letters,  edited  by  Mis.  Aubtiv. 
2  voIs.Svo.  2S«. 

TICISSITUBEB  of  FAMILIES.  By  Sir  Bernard  Burke,  Ulster 
King  of  Arms.  Fisir,  Sboond,  and  Third  Sxbibs.  8  vols,  crown  Svo. 
12«.  ed.  each. 

S88AT8  in  ECCLESIASTICAL  BIOOBAFHT.  By  the  Right  Hon. 
Sir  J.  STBPHXir,  LLJ).    Fourth  Edition.    8vo.l4f. 

BIOOBAFHICAL  SKETCHES.  By  Nassau  W.  Ssnior.  Post  Sro. 
price  lOf.  6d. 

BIOOBAFHIES  of  BISTIKOTISHEB  SCIEITTIFIC  MEN.  By 
FRAKgoiB  Ajbaoo.  Transhktcd  by  Admiral  W.  H.  SMTTir,  F.B.S.  the  Bev. 
B.  PowBLL,  MJk.  and  E.  Qraitt,  M.A.    Svo.  18«. 

HAUirBEB'S  BIOGBAFHICAL  TBEASUBT :  Memoirs,  Sketches,  and 
Brief  Notices  of  above  12,000  Eminent  Persons  of  All  Ages  and  Nations. 
Fcp.  lOf. 


Criticism,  Philosophy,  Polity,  ^t. 

PAPmiAV:  a  Dialogue  on  State  Affairs  between  a  Constitutional 
Lawyer  and  a  Country  Gentleman  about  to  enter  Public  Life.  By  Gborgi 
Atkiksov,  B.A.  Oxon.  Seijeant-at-Law.   Poet  Svo.  U, 

ELEMEHT8  of  LOOIC.  By  R.  Whatslt,  D.D.  late  Archbishop  of 
Dublin.   Ninth  Edition.   Svo.  10s.  Qd,  crown  Svo.  4«.  9d, 

Elements  of  Bhotoric.  By  the  same  Anthor.  Seventh  Edition. 
Svo.  10«.  6d.  crown  Svo.  4f.  6d, 

English  Synonymes.  Edited  bj  Archbishop  Wuatblt.  5th  Edition. 
Fcp.  Z8, 

BAC0F8  E8SAT8  with  AJTKOTATIOES.  By  B.  Whatblt,  D.D. 
late  AxchbiBhop  of  Dublin.    Sixth  Edition.   8val0#.6ef. 

B 


LOSD  BACOK'S  W0BX8,  collected  and  edited  by  R.  Ll  Bllib,  M.A. 
J.  SPEDSiNe.  MXandD.D.HBATH.  Vols.  L  to  V.  Phihsophieal  Works, 
5  vols.  8vo.  £4  68,  VOLS.  VI.  and  VIL  Literary  ontd  Prqfeuiomal  Works, 
2  volA.  £1 169. 

On  SEPBESEKTATIYE  GOVERNXEirr.  By  John  Stctast  Mnx. 
Third  Edition,  8vo.  99.  crown  Sra  2f . 

On  Liberty.  Bj  tbe  same  Author.  Third  Edition.  Post  8to.  7a.  6d. 
crown  8to.  It,  id. 

Principles   of  Political  Eoonomy.    By  the  same.    Sixth  Sdition. 

2  Tols.  8va  SQs.  or  in  1  voL  crown  8to.  Us. 

A  System  of  Logic,  BatiooinatiTe  and  Inductive.     By  the  same. 

Fifth  Edition.    Two  vols.  8vo.  Ste. 

Utilitarianism.    By  the  same.    Second  Edition.   8to«  5«. 

Dissertations  and  Bisonssions.  By  the  same  AnUior.  2  toIs.  9va 
price  24f . 

Examination  of  Sir  W.  Hamilton's  Philosophy,  and  of  the  FHncipal 
Philoso^ical  Question  dtsouased  in  hia  Writiiigs.  Sy  tbe  same  Author. 
Second  Bdition.    8vo.l4». 

XISCELLANEOIIS  BSMAINS  from  the  Common-place  Book  of 
Bjchasd  Wbatblt.  X>.D.lBte  Archbishop  of  Dublin.  Edited  by  Kiss  E.  J. 
"Whatbly.    Crown  8to.  7«.  6rf. 

ESSAYS  on  the  ABMHTISTBAXIOSS  of  6BEA!f  BBTEAnr   from 

178S  to  1830.    By  the  Biffht  Hon.  Sir  G.  0.  Lbwib.  Bwfi.   BdHad  by  the 
Bight  .Hon.  Sir  E.  Hsad,  Bart.   Svawiih  Portrait,  16s. 

By  ike  aams  AfUhor. 

A  Dialogue  on  the  Best  Form  of  Ghiyeniment»  4s.  6dL 

Essay  on  the  Origin  and  Formation  of  the  Bomanoe  Lan^^iages, 

price  7t.  6d. 

Historical  Snryoy  of  the  Astronomy  of  the  Ancients,  15s. 

Inquiry  into  the  Credibility  of  the  Early  Boman  Hiatery,  2  to]& 

price  S0«. 

On  the  Methods  of  Observation  and  Beasoning  in  Politics,  8  toIs. 
price  28«. 

Irish  Distnrbanoes  and  Irish  Church  Question,  12s. 

Bemarks  on  the  Use  and  Abuse  of  some  Political  Terms,  9s. 

On  Foreign  Jurisdiction  and  Extradition  of  Criminato,  2iw  04^ 

The  Fables  of  Babrius,  Greek  Text  with  Latin  ITotes^'PAnr  L 
59.  ed.   Past  n.  8s.  (k{. 

Suggestions  tor  the  Applicaition  of  the  Egyptologieal  ibthod  to 
Jlodem  History,  is. 


of  WTiite  and  Eiddle  (as  above),  by  J.  T.  White,  M^.  Joint-Author. 
Medium  8vo.  pp.  1,048,  price  18«.  cloth. 

A  Diamond  Latin-EnglislL  Dictionary,   or  Guide  to  the   Meaning, 

Suolity,  and  Accentuation  of  Latin  Classical  Words.  By  Bev.  J.  B.  &ii>pl£. 
[.A.    32mo.  2f.(kf. 

An  EVOLISH-OBEEK  LEXICOK,  containing  all  the  Greek  Words 
used  by  Writers  of  good  authority.  By  C.  D.  Tonge,  B.A.  Fifth  Edi- 
tion.   4to.  21«. 

Mr.  TOKGE'S  KEW  LEXICOK,  English  and  Greek,  abridged  from 
his  larger  work  (as  above).    Square  12mo.  Sa,  6d, 

A  OBEEK-EVOLISH  LEXICOK.  Compiled  by  H.  G.  Libdrlu  D.D. 
Dean  of  Christ  Church,  and  B.  Scott,  D.D.  Master  of  BallioL  Fifth  Edition. 
Crown  4ta  ZU.  6d. 

4  Lexicon,  Greek  and  English,  abridged  from  Liddbll  and  Scott's 
Oreek-Snglish  Lexicon,   Eleventh  Edition.     Square  12mo.  It.  6d, 

A  PRACTICAL  DICTIONABT  of  the  FBENCH  and  EKGLI8H  LAH- 

GUAGES.    By  L.  CoiTTANSEAU.    Ninth  Edition.    Post  8vo.  lOf.  6(2. 

Contansean's  Pocket  Dictionary,  French  and  English,  abridged  from 
the  above  by  the  Author.    Third  Edition,  18mo.  59. 

HEW  PRACTICAL  DICTIONABT  of  the   OEBMAIT   LAHGITAOE; 

German-English  and  English-German.    By  the  Rev.  W.  L.  Blacelet,  M  jL 
and  Dr.  Cael  Mabtik  Fbiedlanpeb.   Post  8vo.  [J»  the  press. 


Miscellaneous  Works  and  Popular  Metaphysics. 

RECREATIONS  of  a  COUNTRY  PARSON :  being  a  Selection  of  the 
Contributions  of  A.  K.  H.  B.  to  Fraser'a  Magazine,  Second  Sseiss.  Cro>wu 
8vo.  Zt.  Bd, 

The  Common-place  Philosopher  in  Town  and  Country.  Bj  the  same 
Author.    Crown  8vo.  S«.  6<2. 

Leisure  Hours  in  Town;  Essays  Consolatory,  ^sthetical,  Horal, 
Social,  and  Domestic   By  the  same  Author.    Crown  8vo.  S^.  fid. 

The  Autumn  Holidays  of  a  Country  Parson;  Essays  contribated 
to  Fraser^a  Magaeine  and  to  Good  Words,  By  the  same.  Crown  8vo.  a».  ed. 

The  C^ver  Thoughts  of  a  Country  Parson.  Second  Series.  By 
the  same  Author.    Crown  8vo.  Zs.  6d. 

Critical  Essays  of  a  Country  Parson.  Selected  from  Essays  con- 
tributed to  Fraser^s  Magazine.   By  the  same  Author.    Post  8vo.  9c 
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SIUUT  ana  tuuvu  :  an  Attempt  to  uisprove  tne  Kecetrea  (^or  serKe- 
leian)  Theory  of  Vision.  By  Thomas  K.  Abbott,  Mji.  Fellow  sod  Tutor 
of  Trin.  Coll.  Dubliii.   8vo.  with  21  Woodcuts,  5*.  Qd, 


The  SENSES  and  the  IKTELLECfT.  By  Alexakdbr  Bjinr,  1I.A. 
Professor  of  Logic  in  the  University  of  Aberdeen.  Scoond  Edition.  Svo. 
price  15«. 

The  Emotions  and  the  Will,  by  the  same  Author;  completing  a 
Systematic  Exposition  of  the  Human  Mind.    8vo.  lis. 

On  the  Stndy  of  Oharaoter,  including  an  Estimate  of  Phrenology. 

By  the  same  Author.    8to.  Of. 

TIKE  and   SPACE:    a  Metaphysical  Essay.     By  Shadwobth  H. 

HoDOSOir.    8vo.  pp.  688,  price  I9s. 

H0TTB8  WITH  THE  MYSTICS :  a  Contribution  to  the  Historr  of 
Religious  Opinion.  By  BoBEBT  Alfred  Vauohak,  BJL  Second  Edition. 
2  Tols.  crown  870. 12«. 

PSTCHOLOOICAL  IHQinBISS.  By  the  hite  Sir  Bekj.  C.  Bkobiz, 
Bart.   2  vols,  or  Sbbibs,  fop.  0f .  eeoh. 

The  PHlLOStKPHT  of  HECESfllTT ;  or  Natnral  Law  as  applicable  to 
Mental,  Moral,  and  Social  Sdenoe.  Bj  Ghables  Bbat.  Second  SditioiL 
8vo.  9«. 

The  Education  of  the  Feelings  and  Aflisotions.  By  the  same  Author. 
Third  Edition.    8vo.S«.(k2. 

CHBISTIAKITT    and    COMKOV   SENSE.      By    Sir    Wsxoipohbt 

JoiTBS,  Bart.  MJu  Trin.  ColL  Cantab.   8vo.  6«. 


Astronomy,  Meteorology,  Popular  Geography,  ^y. 

OVTIHrSS  of  ASTRONOMY.     By  Sir  J.  F.  W.  Hssbohkl,  Bait 

MjL    Seventh  Edition,  revised  ;  with  Plates  and  Woodcuts.   8val8<.  i 

ARAGO'S  POPULAR  ASTRONOMY.    Translated  by  Admiral  W.  R  | 
SSTTTH,  P.B.S.  and  B^  Gbakt,  MJL.    With  25  Plates  and  SM  .Woodcuts,  i 

2  vols.  8vo.  £2  5«.  I 

Arago's  Meteorological  Essays,  with  Introdaction  by  Baron  Huv- 

BOLDT.  Translated  under  the  superintendence  of  Major-General  £.  Sabis^ 
R^.   8vo.l8«.  i 

SATTTRN  and  its  SYSTEM.  By  Richard  A.  Pboctor.  BJl.  late 
Scholar  of  St  John's  Coll.  Camb.  and  King's  Coll.  London.  Svow  witJI  l 
14  Plates,  14«. 


The  W&IIHSS-BOOX;  a  Manual  of  Practical  Meteorology.  "By 
Eear-Admiral  Bobbbt  Fitz  Hot,  KJB^.  F.B^.  Third  Editioo,  with  16 
Diagrams.   8yo.l5«. 

SAXBT8  WSATHEB  8T8TEM1  or  Lunar  Inflneiioe  on  Weather. 
By  S.  M.  Saxbt,  R.N.  Instructor  of  Naval  Engineers.  Beoond  Edition. 
Post  8vo.  4s, 

DOTE'S  LAW  of  BT01£MB  considered  In  connexion  with  the  ordi- 
nary Movements  of  the  Atmosphere.  Translated  by'ELlL  Scott,  M.A. 
T.CJ).    8vo.lto.6d. 

CELESTIAL  OBJECTS  for  OOMKON  TELESCOPES.  Bj  the  Ber. 
T.  W.  Wbbb,  ma.  F.B.A.8.  With  Map  of  the  Moon,  and  Woodcuts.  lOmo.  7«. 

PHYSICAL  OEOOBAPEY  for  SCHOOLS  and  GENEBAL  BSADSBS. 

ByM.  F.  Maubx,  LL.P.  Fop.  with  2  Charts,  2«.  ed, 

A  DICTIONABT,  Geographical,  Statistical,  and  Historical,  of  the 
various  Countries,  Places,  and  Principal  Natural  Objects  in  the  World.  By 
J.  B.  M'Culloch.    With  6  Maps.    8  vols.  8vo.  6S«. 

A  GENEBAL  DICTIOKABY  of  0EO6BAPHT,  Descriptive,  Physical, 
Statistical,  and  Historical :  forming  a  complete  Gaiettear  of  the  World.  By 
A.  Kbith  JoHHBTOir,  F.BJ9.B.    8vo.  3ls.  6d, 

A  MAinrAL  of  GE0GBAPH7,  Physical,  Indostrial,  and  Politica]. 
By  W.  HuoHBS,  F.B.G.8.  Professor  of  Geosrapby  in  King's  College,  and  in 
Queen's  College,  London.    With  6  Maps.    Fcp.  7«.  Qd. 

The  Geography  of  Britiih  History  s  a  Geograf^cal  Description  of 
the  British  Islands  at  Successive  Periods.  By  the  same.  With  6  Maps. 
Fcp.  68. 6d. 

Abridged  Tazt-Book  of  Bcitiah  Geography.   By  the  same.    Fcp.  lt.6(f. 

The  BBinSH  EXPIBE ;  a  Sketch  of  the  Geography,  Growth,  Natural 
and  Political  Features  of  the  United  Kingdom,  its  Colonies  and  Dependen- 
cies.  Sy  Cabouve  B&at.   With  5  Maps.   Fcp.  7«.  ed. 

COLOKISATIOK  and  COLOVIES :  a  Series  of  Lectures  delWeved  be- 
fore the  University  of  Oxford.  By  Hebmait  MsiirvAi.E,  M.A.  Professor  of 
Political  Economy.    8vo.l8«. 

HAXmBEB'S  TBEASTJBT  of  GEOGBAPHT,  Physical,  Historical, 
Descriptive,  and  Political.  Edited  by  W.  Hughes,  FJLGJ^  With  7  Maps 
and  16  Plates.   Fcp.lOf. 


Natural  History  and  Popular  Science. 

The  ELEXEKTS  of  PHYSICS  or  KATVBAL  PXILOSOPST.  By 
NBiLAjuroTT.M.D.F.B.S.  Phyaioian  Extraordinary  to  the  Queen.  Sixth 
Edition.    Paet  1. 8vo.  10«.  6<;. 

HEAT  COKSIDEBED  as  a  MODE  of  MOTIOK.  By  Professor  Johk 
Ttssaix,  LLJ).  F.ILS.  Second  Edition.  Crown  8vo.  with  Woodcuts,  Ut .  64. 


Be  la  Bitb,  Prof,  in  the  Academy  of  Geneva.  Translated  by  C.  Y.Walkss, 
F.R.S.    3  vols.  8vo.  with  Woodcuts,  £3  13«. 

Tho  COBSELATION  of  PHYSICAL  FOBCES.  Bj  W.  R.  Gsoye, 
Q.C.  V.P.B^.    Fourth  Edition.    8vo.  7».  6d. 

The  GEOLOGICAL  MAGAZINE;  or,  Monthlj  Joamal  of  Geology. 
Edited  by  Henby  Woodward.  P.G.S.  F.Z.S.  British  Museum :  assisted 
by  Professor  J.  Moums,  F.G.S.  and  E.  Ethebidgb.  FJLSJB.  F.G.S.  Svo. 
price  Is,  monthly. 

A  GUIDE  to  GEOLOGT.  By  J.  Fhilups,  M.A.  Professor  of  Geology 
in  the  University  of  Oxford.  Fifth  Edition;  with  Plates  and  Dia^ram^. 
Fcp.  48. 

A  GLOSSABT  of  MINEBALOGY.  By  H.  W.  Bristow,  F.G.S.  of 
the  Geological  Survey  of  Great  Britain.    With  486  Figures.   Crown  8vo.  lis. 

PHILLIPS'S    ELEKENTABY    IKTBODVCTIOK  to  XnTERALOGY, 

with  extensive  Alterations  and  Additions,  by  H.  J.  Bbookb,  F.BjS.  and  W. 
H.  MiLLEB,  F.G.8.    Post  8vo.  with  Woodcuts,  18». 

YAH  DEB  HOEVEH'S  HANDBOOK  of  ZOOLOGY.  Translated  frcnn 
the  Second  Dutch  Edition  by  the  Rev.  W.  Clabk»  M  J>.  F.R.S.  2  vols.  Svo. 
with  24  Plates  of  Figures,  60«. 

The  COMPABATIVE  ANATOMY  and  PHYSIOLOGY  of  the  YEBTE- 
brate  Animals.  By  Bichabd  Owen,  F.B.S.  D.C.L.  2  vols.  Svo.  with 
upwards  of  1,200  Woodcuts.  [ J»  the  press, 

HOMES  WITHOUT  HANDS :  an  Accoant  of  the  Habitations  con- 
structed 1^  various  Animals,  classed  according  to  their  Principles  of  Con- 
struction. By  Rev.  J.  G.  Wood,  M.A.  F.L.8.  Illustrations  on  Wood  by 
G.  Pearson,  firom  Drawings  by  F.  W.  Eqrl  and  E.  A.  Smith.  In  20  Farts, 
U.each. 

MANUAL  of  COBALS  and  SEA  JELLIES.  By  J.  R.  Gbeenk,  B.A. 
Edited  by  the  £ev.  J.  A.  Galbbaith,  M.A.  and  the  Eev.  S.  Haughtox. 
M.D.    Fcp.  with  39  Woodcuts,  5s. 

Mannal  of  Sponges  and  Animalcnlae ;  with  a  General  iDtrodaction 
on  the  Principles  of  Zoology.  By  the  same  Author  and  Editors.  Fcp.  with 
16  Woodcuts,  2s. 

Mannal  of  the  Metalloids.  By  J.  Apjohk,  M.D.  F.R.S.  and  the 
same  Editors.   Fcp.  with  38  Woodcuts,  7s.  ed. 

The    SEA    and  ita   LIVING   WONDEBS.     By  Dr.  G.   Hartwig. 

Second  (English)  Edition.   8vo.  with  many  Illustrations.   18s. 

The  TBOPICAL  WOBLD.    By  the  same  Anthor.    With  8  Chromo- 
xylographs  and  172  Woodcuts.    9vo.  2,1s, 

SKETCHES  of  the   NATUBAL  HISTOBY  of  CEYLON.    By  Sir  J. 

EMEBBOir  Tekwbnt,  K.C.S.  LL.D.   With  82  Wood  Engravings.   Post  Svo. 
price  128. 6d. 

Ceylon.  By  the  same  Author.  Fifth  Edition  }  with  Maps,  &e.  and  90 
Wood  Engravings.   2  vols.  8vo.  £2 10s 


A  DICnOKABT  of  CHEKISTRY  and  tbe  Allied  Branches  of  other 
Sciences ;  founded  on  that  of  the  late  Dr.  lire.  By  Hxhkt  WaIts^  F.C^. 
assisted  by  eminent  Contributors.  6  toIs.  medium  8vo.  in  course  of  publica- 
tion in  Parts.  Vol.  I.  Sl«.  6d.  Vol.  II.  fOs.  Vol.  HI.  31 «.  ed.  are  now  ready. 

HAHDBOOK  of  CHSKCAL   ANAIT8I8.    Adapted  to  the  IJnitarr 

System  of  Notation.    By  F.  T.  CoKiHOTOir,  M.A.  F.C.S.   Post  8vo.  7».  6d.— 
Tablbs  of  Qualitative  Asalybib  adapted  to  the  same,  is,  6d, 

A  HANDBOOK  of  YOLUXITBIOAL  ANALTSI8.     By  BofBKBT  H. 

Scott,  MJL  T.CJ).   Poet  8vo.  4«.6d> 

ELEKEHT8  of  CHEHSTBT,  Theoretical  and  PracticaL  By  Wh-liajc 
A.  MlLLBB,  M.I).  LL.B.  F.RJ3.  F.6.8.  Profsssor  of  Ohemislrs^  Kinff^ 
College,  London.  8  vols.  8vo.  £2  IZt.  Past  L  Chbicicjj.  Physics. 
Thira  Edition,  12«.  Part  II.  iNoneAiric  Chbmistsy,  21s,  Pabt  ILL 
OseAHic  Cheiqstby,  Second  Edition,  20«. 

A  MAinrAIi  of  GHE1CI8TBT,  DeflcriptiTe  and  llieoreliea].  By 
William  Odlikg,  M.B.  F.B^.  Lecturer  on  Chemistiy  at  8k  Bartholo- 
mew's Hospital.   Pabt  1. 8vo.  8*. 

A  Course  of  Practioal  Chemistry,  for  the  use  of  Medical  Students. 
By  the  same  Author.  Second  Edition,  with  70  new  Woodcuts.  Crown  Svo. 
price  7«.  6d, 

The  BIAemnS  «nd  TBEATMXKT  of  the  BI8XA8E8  of  WOMEH : 

including  the  Bia^osis  of  Pregnancy.  By  Graily  Hs witt,  MJ).  Physician 
to  the  British  lying-in  Hospital.    8vo.  168. 

LBCTUfBSS  on  the  BISSASE8  of  IKFAKCT  and  CEILBHOOI).  Bj 
Ghables  Wb8T,  M.D.  Ac    Fifth  Edition,  revised  and  enlarged.    Sro-KU. 

EXP08ITI0K  of  the  SI0V8  and  SYMFTOiCS  ef  FSSGKAVC7: 

with  other  Papers  on  subjects  connected  with  Midwifsry.     By  W.  F. 
HoirT«oiaBT,M.A.  HJ).  MJLIJL  8ro.with  Illustrations,  Ist. 

A  ST8IEK  «f  iUEOIBY,  Tbeofeticd  and  Practical.    In  Treatises 

by  Various  Authors.   Edited  hy  T.  Holmbb.  M.A.  Oantab.  Assistant-Surgeon 
to  St.  George's  HospitaL   4vols.8yo.  £41Ss. 

Vol.  I.    General  Pathology.    2l8. 

Vol.  n.  Looal  InJTiries:  Gunshot  Wounds,  Injuries  of  the  Head, 
Back,  Face,  Neok,  Chest,  Abdomen,  PeWis,  of  the  Upper  and  Lower  Ex- 
tremities, and  Diseases  of  the  Eye.   21«. 

Vol.  m.  Operative  Smgery.  Biseaaee  of  the  Organs  of  Oironla. 
tion.  Locomotion,  &c,   21«. 

Vol.  IV.    Diseases  of   the  Organs  of  Digeetion,  of  the  Oenito- 

TJrinary  System,  and  of  the  Breast,  Thyr^  Ghmd,  and  Skin ;  with 
Apfbbdxx  and  GBifBiiAL  Iirn^x.   30s. 

LECTVUS  on  the  FBINCIVLE8  and  PRACTICE  of  PH7SIC.  Br 
Thokas  Watbob,  M  J).  Physidan-Extraordinaiy  to  the  Queen.  Fourth 
Edition,    2  vols.  8vo.  dto. 
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L£CTtniE8  on  S17B0ICAL  PATHOLOGY.  By  J.  Pjlost,  F.RS.  Sur- 
geoD-Extraordinary  to  the  Queen.  Edited  by  W.  TmursB,  M.B.  8vo.witfa 
117  Woodcuts,  JOf. 

A  TSBATIflE  on  the  GONTDIinBD  FBVSBS  of  OSEAT  BBITAnr. 

By  C.  MuscHifioir.  M.I).  Senior  PhysioiMi  to  the  London  Fever  Hospital. 
8vo.  with  coloured  Flates,  18», 

ANATOMT,  DESCSIPnVX  and  S17B0ICAL.  B7  Hbhst  Qray, 
F.R.S.  With  410  Wood  Esiouvings  trom  Dissections.  Third  Edition,  by 
T.  HoLMBS,  MjI.  Cantab.   Soyal  8vo.  28ff. 

The  CTCLOFJEBIA  of  ANATOMT  and  FHT8I0L0OT.  Edited  by 
the  late  E.  B.  Todd,  M JD.  F.B.S.  Assisted  by  nearly  all  the  most  eminent 
cultivators  of  Physiolqfi^ical  Science  of  the  present  age.  5  vols.  8vo.  with 
2,853  Woodcuts.  £&  6#. 

PHTSIOLOOIGAI.  ANATOMY  and  PHYSIOLOOY  of  MAIT.  By  the 
late  B^  B.  Todd,  M.D.  F.B.3.  and  W.  Bowman,  F.B^  of  King's  College). 
With  numerous  Blustratious.    YoIm  IX.  8vo.  26«. 

A  BICTIONAEY  of  PBAGTICAL  MEDICIKE.  By  J.  Coflahd,  M.D. 
F^S.  Abridged  fh>m  the  larger  work  by  the  Author,  assisted  by  J.  C. 
CoFLAlTD,  M.E.C.S.    lvol.8vo.  lln  the  press. 

Dr.  Copland's  Dictionary  of  Practioal  Medieine  (the  larger  work). 
8  vols.  8vo.  £6  lis. 

The  WOEKS  of^  SIE  B.C.  BEODIEi  Bart,  collected  and  arranged 
Chakle 
nile,  48«. 

Antobiography  of  Sir  B.  C.  Brodie,  Bart.    Printed  from  the  Ajathor's 

materials  left  in  MS.    Fcp.  49.  M. 

KEDICAL  NOTES  and  SEFLECTXOES.  B7  Sir  H.  Holland,  Bart 
M  J).    Third  Edition.    8vo.  18«. 

A  MANUAL  of  KATEEIA  XEBZOA  and  THEBAFEITTIGS,  abridged 
from  Dr.  Fbkbira'8  Elements  by  F.  J.  Fasse,  M.D.  Cantab,  assisted  by 
B.  Bekijlet,  M.B^C.S.  and  by  B.  Wabinoxov,  F.CS.   1  vol.  8>vo. 

C Jn  October. 

Dr.  Pereira*s  Elements  of  Materia  Medioa  and  Thara^utios.  Third 
Edition.  By  A.  S.  Tatlob,  MJ).  and  G.  O.  Bebs,  MJ).  S  vols.  8vo.  with 
Woodcuts,  £3  IBf. 

THOMSON'S    CONSPECTUS   of   the  BBIHSH  PHABXACOPCEIA. 

Twenty-fourth  Edition,  corrected  and  made  conformable  throughout  to  the 
New  PharmacopoBia  of  the  General  Council  of  Medical  Education.  By  £• 
Lloyd  Biekett,  M  J).   18mo.  58, 6d, 

MANUAL  of  the  BOMESTIO  PBACTieB  of  MEBIOXKB.    By  W.  B. 

Kestbvbk,  F.K.C.8.E.  Second  Edition,  thoroughly  revised,  with  Additions. 
Fcp.  5s, 

The  Fine  Arts,  and  Illustrated  Editions. 

The  NEW  TESTAMENT,  illustrated  with  Wood  Engravings  after  the 
Early  Masters,  chiefly  of  the  Italian  School.  Crown  4to.  68f .  cloth,  gilt  top ; 
or  £S  5«.  elegantly  bound  in  morooco. 


by  Chables  Hawejits,  F.BwC.8JB.   8  vols.  8vo.  with  Medallion  and  Ao- 

sunil      - 
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LTBA  OSRMAiriCA ;  Hymns  for  the  Sandays  and  Chief  Festivals  of 

the  Christian  Year.    Translated  by  Ci.THBiiiirE  Wisjcwobth;  125  lUus- 
trations  on  Wood  drawn  by  J.  LsiaHTOir,  VMA.   Fcp.  4to.  21s. 

CATS*  and  FASLIE'S  HOEAL  EKBLEMS ;  with  Aphorisms,  Adages, 
and  Proverbs  of  all  Nations:  comprising  121  niustrations  on  Wood  by  J. 
Lbiohtoit,  P.S.A.  with  an  appropriate  Text  by  B.  Pioox.  Imperial  Svo. 
Sl«.  6d.  . 

BTTHYAN'S  FILOBIirS  PBOGSSSS :  with  126  Illustrations  on  Steel 
and  Wood  by  C.  Beitnett  ;  and  a  PrefiMe  by  the  Bev.  C.  Kivoeurr.  Fcp. 
4to.  21«. 

8HAKSP£ABB*S  SEITTIKEHTS  and  SIMUBB,  printed  in  Black  and 
Gold,  and  Illuminated  in  the  Missal  Style  by  Heitbt  Noel  Humphkets. 
In  massive  covers,  containing  the  Medallion  and  Cypher  of  Sfaakspeare. 
Square  post  8vo,  2l«. 

The  HIBTOBT  of  OTTB  LOBD,  as  exemplified  in  Works  of  Art : 
with  that  of  His  Types  in  the  Old  and  New  Testament.  By  Mrs.  Jamesox 
and  Lady  Bastlake.  Being  the  concluding  Series  of  'Sacred  and 
Legendary  Art;'  with  13  Etchings  and  2dl  Woodcuts.  2  vols,  square 
crown  8vo.  42«. 

In  the  same  Series,  by  Mrs.  Jambsoit. 
Legends  of    the  Saints   and  Hartyrs.    Fourth  Edition,  with    19 
Btchings  and  187  Woodcuts.   2  vols.  31«.  ed. 

Legends  of  the  Monastie  Orders.  Third  Edition,  with  11  Etchings 
and  88  Woodcuts.    lvoL21«. 

Legends  of  the  Madonna.  Third  Edition,  with  27  Etchings  and  165 
Woodcuts.   1vol.  21«. 
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SHCYCLOPABIA  of  ABCHXTECTTTBE,  Historical,  Theoretical,  and 
Practical.   By  Joseph  Gwilt.    With  more  than  1,000  Woodcuts.    8vo.4S«. 

TUSGAH  SCTTLFTOBS,  their  Lives,  Works,  and  Times.  ,With  45 
Etchings  and  28  Woodcuts  ftrom  Original  Drawings  and  Photographs.  By 
Chablbs  C.  Pebkins.   2  vols,  imperial  8vo.  6S«. 

The  EHGINEEB'S  HANDBOOK;  explaining  the  Principles  which 
should  guide  the  young  Engineer  in  the  Coustructiou  of  Machinery.  By 
C.  S.  LowirpES.   Post  Svo.  St. 

The  ELEMENTS  of  MECHANISM.  By  T.  M.  Goodete,  M.A. 
Professor  of  Mechanics  at  the  R.  M.  Acad.  Woolwich.  Second  Edition, 
with  217  Woodcuts.    Post  Svo.  to.  6d. 

ITBE'S  DICTIONABT  of  ABT8,  MANTrFACTTTBES,  and  MINES. 
Be-written  and  enlarged  by  Bobbbt  Hukt,  FJa.S.  assisted  by  numerous 
gentlemen  eminent  in  Science  and  the  Arts.  With  2,000  Woodcuts.  3  vols. 
Svo.  £4. 

ENCYCLOFJEBIA  of  CIVIL  ENOINEEBINO,  Historical,  Theoretical, 
and  Practical   By  £.  Cbbst,  C.E.   With  above  3,000  Woodcuts.  8vow42s. 
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TBSATISS  on  KUIS  and  KUIWOSX.  By  W.  Fairbaihn,  C JS. 
F.E.S.    With  18  Plates  and  322  Woodcuts.    2  vols.  8vo.  S2». 

TTsefal  Information  for  Engineers.  "By  the  same  Anther.  First 
and  Second  Sebies,  with  many  Plates  ahd  Woodcuts.  2  vols,  crown  Svo. 
10«.  6d.  each. 

The  Application  of  Cast  and  Wrought  Iron  to  Bnilding  Purposes. 

By  the  same  Author.  Third  Edition,  with  6  Plates  and  118  Woodcuts.  Svo.  16^. 

Tlie  PEACnCAL  MECHANIC'S  JOUBNAL:  an  Illustrated  Record 
of  Mechanical  and  Engineering  Science,  and  Epitome  of  Patent  Inventions 
4to.  price  1^.  monthly. 

The  FEACTIGAL  DSAUOHTSXAN'S  BOOX  of  INDUSTBIAL  BE 
SIGN.  By  W.  JoHirsoir,  Assoc.  Inst.  C.£.  With  many  hundred  Illustrations 
4to.  2Stf.  Qd, 

The  PATENTEE'S  MANUAL :  a  Treatise  on  the  Law  and  Practice  of 
Letters  Patent  for  the  use  of  Patentees  and  Inventors.  By  J.  and  J.  H. 
JoHSSON.    Post  Svo.  7s.  Qd, 

The  ABTI8AN  CLUB'S  TREATISE  on  the  STEAM  EKGimS,  in  its 

various  Applications  to  Mines,  Mills,  Steam  Navigation.  Railways  and  Agri- 
culture. By  J.BouENE,C.£.  Sixth  Edition ;  withS7  Plates  and  &i6  Wood- 
cuts.   4to.42«. 

Catechism  of  the  Steam  Engine,  in  its  varions  Applications  to 
Mines,  Mills.  Steam  Navigation,  Railways,  and  Agriculture.  By  the  same 
Author.  With  199  Woodcuts.  Pep.  9».  The  iNTBODUCTioir  of  *  Recent 
Improvements'  may  be  had  separately,  with  110  Woodcuts,  price  3«.  6d. 

Handbook  of  the  Steam  Engine.  By  the  same  Author,  forming  a 
Key  to  the  Catechism  of  the  Steam  Engine,  with  67  Woodcuts.    Pep.  9s. 

The  THEOBT  of  WAE  Illnstrated  hy  nnmerons  Examples  from 
History.  By  Lieut.*Ool.  P.  L.  MacDougail.  Third  Edition,  with  10  Plans. 
Post  Svo.  lOf.ecf. 

COLLIEBIES  and  COLLIEBS;  A  Handbook  of  the  Law  and  leading 
Cases  relating  thereto  By  J.  C.  Fowlee,  Barrister-at-Law,  Stipendiary 
Magistrate.  Fcp.  e«. 

The  AET  of  PEEPT7MEBT ;  the  History  and  Theory  of  Odours,  and 
the  Methods  of  Extracting  the  Aromas  of  Plants.  By  Dr.  PiESSS,  F.C.S. 
Third  Edition,  with  53  Woodcuts.    Crown  8vo.  IO9.  ftf. 

Chemical,  Natnral,  and  Physical  Magic,  for  Juveniles  dnring  the 
Holidays.  By  the  same  Author.  Third  Edition,  enlarged,  with  38  Woodcuts. 
Pep.  60. 

The  Laboratory  of  Ghemioal  Wonders:  a  Scientific  Melange  for 
Young  People.   By  the  same.    Crown  Svo.  5s.  ed, 

TALPA;  or  the  Chronicles  of  a  Clay  Farm.  By  C.  W.  Hobktks, 
Esq.   With  24  Woodcuts  from  Designs  by  6.  Ceuieshank.   16mo.  Bf .  ed, 

H.B.H  the  PEIHCE  CONSOBTS  FABMS :  an  Agricultural  Memoir. 
By  JoHir  Chalmeeb  Moetost.  Dedicated  by  permission  to  Her  Majesty 
theQuBBE.   With  40  Wood  Engravings.   4to.52«.6J. 
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LOTTBOH'S  EKCYGIfOFABIA  of  AOBICULTUiiS :  coiDprisinfj^  tfae 
Laying-out,  Improvement,  and  Management  of  Landed  Prapertj,  and  tlie 
Cultivation  and  Economy  of  the  Productions  of  Agriculture,  with  l,lO0 
Woodcuts.    8to.8U.6c2. 

Loudon's  Eneylopaedia  of  Gardening:  comprisiDg  the  Theory  and 
Practice  of  Hortioillture,  Floriculture,  Arboriculture,  and  ^Landscape  Grar« 
deniog.    With  1,000  Woodouta.    8vo.8U.6d. 

London's  Eneyolopedia  of  Cottage,  Farm,  and  Villa  Arohiteeture 

andFumitura    With  more  than  2,000  Woodouta.   8vo.  tfau 

HISTOBT  of  WDTDSOB  OSEAT   FASK   and  WUTDSOB  FOBEST. 

By  WiLLiAic  MsNZiBS,  Resident  Deputy  Surveyor.   With  2  M^k  and  20 
Photographs.    Imp.  folio,  iS8  8«. 

The  Sanitary  Management  and  Utilisation  of  Sewage :  comprising 
Details  of  a  System  applicable  to  Cottages,  Dwelling-Houses.  PubUc  Build- 
ings, and  Towns;  Suggestions  relating  to  the  Arterial  Drainage  of  the 
Country,  and  the  Water  Supply  of  Rivers.  By  tiie  same  Author.  Imp.  Sro. 
with  9  Illustiations,  lis.  6c2. 

BAYLDOir'8  ABT  of  YALUIHO  BBNTS  an«  TSLLMXS,  and  aairas 

of  Tenants  upon  Quitting  Farms,   both  at  Michaehnas  abd  Lady^Day. 
Eighth  Edition,  revised  by  J.  C.  Hobtoit.   8vo.  10s;  Oct. 


Religious  and  Moral  Works. 

An  EXPOSITIOV  of  thA.  39  ABTIGLBS,  Historical  and   DoctziiiaL 

By  E.  Hjlbou}  Bbowsb,  DJ).  Lord  Bishop  of  Ely.   Sixth  Edition,  9ra  16;. 

The  FentatM&eh  and  the  Slohistio  Fsalnu,  in  Bep]  j  to  Bishop  Coleaso. 
By  the  same.    Second  Edition.   Svo.  2f. 

Examination  Questions  on  Bishop  Browne's  Exposition  of  the 
Articles.   BytheBev.J.  Gobx.b,M.A.   Eq).8«.6t2. 

FIVE  LEGTUBE8  on  the  GHABACTEB  of  ST.  PAUL;  being  the 
Hnlsean  Lectures  for  1862.  By  the  Bev.  J.  S.  Howsoh,  DJ).  Second 
Edition.   Svo.  9«. 

The  LIFE  and   EPISTLES  of  ST.  PADX.    B^^  W.  J.  CcnrrBBARE, 

MA.  late  Pellow  of  Trin.  CoU.  Cantab,  and  J.  S.  bTowson,  DJ).  Principal  <^ 
Liverpool  ColL 

LiBBABT  Edition,  with  all  the  Original  lUustrationfl,  TSxpB,  Laodsespes 
on  Steel,  Woodcuts,  &o.    2  vols.  4ta  48». 

IirrxBHBDiATB  EDITION,  with  a  SelectSon  of  Maps,  Platoi,  and  Woodcati, 
2  vols,  square  crown  8vo.  81«.  6(2. 

Peopi^'s  Edition,  revised  and  condensed,  with  46  JUusbvtiQns  and 
Maps.    2  vols,  crown  Svo.  12«. 

The  VOTAOE  and  SHIPWBECK  of  ST.  PAtTL;  with  Dissertations 
on  the  Ships  and  Navigation  of  the  Ancients.  By  Jambs  ^ots,  F.IL$. 
Crown  Svo.  Charts,  8«.  6a. 


NEW  WOfiKS  PUBLISHED  BT  LONGMANS  Aim  00.  19 

A  CBinCAI.  and  OEAKKATIOU.  COIOIEHTAST  <m  8T.  PAITL'S 

Epirtlfls.  By  C.  J.  Ellicoti,  I)  J).  Lord  Bishop  of  Gloucester  and  BrutoLjBvo 

Galatians,  Third  Edition,  Ss.  ed. 

Epheglani,  Third  Edition,  Ss.  6d, 

Pastoral  Epistles,  Third  Edition,  10^.  ed. 

Philippiani,  Colossians,  and  Philemon,  Third  Edition,  10s.  Bd, 

Thossalmdans,  Second  Edition,  7«.  6<f. 

Historical  Loetnres  on  the  Life  of  onr  Lord  Jesus  Christ :  heing  the 
Hulsean  Lectures  for  .1859.  By  the  same  Author-  Pourth  Bdition.  8vo. 
price  lOt.  9d, 

The  Destiny  of  the  Creatnre;  and  other  Sermons  preached  before 
the  Unirersity  of  Cambridge.    By  the  same.   Poet  8vo.  5«. 

Th.e  Broad  and  tlie  Harrow  Way;  Two  Sermons  preached  before 
the  University  of  Cambridge.    By  the  same.   Crovn  Sto.  2s. 

Bev.  T.  H.  HOlUrFfl   INTBODtJCTIOK  to   the  GBITICAL  STUDY 

and  Knowledge  of  the  Holy  Scriptures.  Eleventh  Edition,  corrected  and 
extended  under  careftil  Editorial  revision.  With  4  Maps  and  82  Woodcuts 
and  Facsimiles.    4  vols.  8to.  £S  13s.  6d. 

Bev.  T.  H.  Home's  Compendious  Introduction  to  the  Study  of  the 

Bible,  being  an  Analysis  of  the  larxer  work  bv  the  same  Author.  Bie-edited 
by  the  Brev.  Johh  Atbb,  MA.    With  Maps,  ic.   Post  8vo.    9s. 

The  TBEASUEY  of  BIBLE  KNOWLEDGE,  on  Ae  Plan  of  Maunder's 
Treasuries.  By  the  Bicv.  JoHir  Atbe,  M.A.  Pep.  8vo.  with  Maps  and  Illus- 
trations, lln  the  preu* 

The  OBEEK  TESTAKEKT ;  with  Notes,  Grammatical  and  Exegetical. 
By  the  Bev.  W.  Wbbsteb,  MJl.  and  the  Bev.  W.  P.  Wilju»80S.  MX  2 
vols.  8V0.  £2  4ff. 

Vol.  L  the  Gospels  and  Acts,  20t . 

Vox..  XL  the  BplBtles  and  Apocalypse,  24s. 

The  EOrB  EZPEEDlkjitS  in  Church  and  State  ;  and  the  Conflicts 
ofChurohes.  3y  Lord  Bobebs  MovTAev,  M.P.  8vo.l2s. 

EVEBT-DAY  SCBIPTITEE  DIFFICULTIES  explained  and  illustrated; 
Gospels  of  St.  Matthew  and  St.  Mark.    By  J.  £.  Ps£SCoTT,  M.A.    8vo.  ds. 

The  PEHTATEVCH  and  BOOK  of  JOSHUA  CBITICALLY  EXAIOEXD. 

fy  the  Bight  Bev.  J.  W.  Oounrso,  D.I).  Lord  Bishop  of  Natal.   People's 
dition,  in  1  voL  crown  8va  6s.  or  in  6  Parts,  Is.  each. 

The  PEHTATEUGH  and  BOOK  «f  JOSHUA  GBITIOALLY  EXAHIXED. 

By  Prof.  A.  Eusmir,  of  Leyden.  Translated  from  the  Dutch,  and  edited 
with  Notes,  by  the  Bight  Bev.  J.  W.  Colbitso,  D  J).  Bishop  of  NatoL  «vo. 
8s.  (k{. 

The  FOBKATIOE  of  CBStlSTENDOlC.    PabtI   67T.W.  Aluxs. 

8V0. 129. 
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CHBISTXKBOirS  DIVISIOKB :  a  Fhaosophical  Sketch  of  the  Dirf- 
fBions  of  the  Christian  Family  in  East  and  West.  By  Edhuitd  S.  Ffoitlebs, 
formerly  FeUow  and  Tutor  of  Josus  Coll.  Oxford.    Post  8ro.  7«.  6d. 

The  LIFX  of  CHBI8T :  an  Eclectic  Gospel,  from  the  Old  and  New 
Testaments,  arranged  on  a  New  Principle,  with  Analytical  Tables.  Ac.  By 
Chasles  Db  jjl  Petme,  MX  Trin.  Coll.  Camb.    Eevised  Editioo,  8Ta  5s. 

Tho  HIDBEH  WISDOM  of  CHSIBT  and  the  KET  of  XKOWUBDGE ; 

or.  History  of  the  Apocrypha.   By  Ebkebt  db  Bun bbk.   2  toIs.  Svol  2Ss. 

EIPF0LTTTJ8  and  his  AOS;  or,  the  Beginnings  and  Froapeets  of 
Ohristianity.   By  Baron  BuBSBir,  DJ>.    2  vols.  8^0. 80«. 

Outlines  of  the  Philosophy  of  TTniversal  History,  applied  to  Lan- 
guage and  Religion :  Containing  an  Account  of  the  Alphabetical  Ccmferezices. 
By  the  same  Author.   2  vols.  8vo.  3Sf. 

Analeeta  Ante-Kie«na.    By  the  same  Author.    3  toIs.  8vo.  42«. 

ES8ATS  en  EELIOION  and  LITEBATUBS.  By  Tarions  Writers. 
Edited  by  H.  E.  MAiririira,  DJ).   Sva  10s.  M. 

X88AT8  and  SEVIEW8.    By  the  Ber.  W.  Templb,  D.D.  the  Bct. 

B.  Williams,  B J),  the  Bev.  6.  Powell,  M.A.  tho  Rev.  H.  R  Wilsott, 
B.D.  C.  W.  GooDwiF,  M.A.  the  Bev.  M.  PATTisoir,  B J),  and  the  Bev.  B. 
JowBTT,M.A.  Twelfth  Edition.   Fcp.  8va5<. 

MOSHEIITS  ECCLESIASTICAL  HISTOBT.    Mubdogk  and  Soahes's 

Translation  and  Notes,  re-edited  by  the  Bev.  W.  Stubbs^  M.A.  S  vols. 
8V0.46S.  Mii 

BISHOP  JEEEM7  TATLOB'S  ENTIRE  WORKS:  With  life  by 
Bishop  Hbbeb.  Revised  and  corrected  by  the  Bev.  C.  P.  Edes,  10  vols, 
price  £5  6$, 

PASSING  THOUGHTS  on  RELIGION.  By  the  Author  of  'Amy 
Herbert.'   Eighth  Edition.    Fcp.8vo.6s. 

Thoughts  for  the  Holy  Week,  for  Young  Persons.  By  the  same 
Author.   Third  Edition.   Fcp.8vo.2f. 

Night  Lessons  from  Scriptnre.  By  the  same  Author.  Second  Edition, 
32mo.  3s, 

Self-Ezamination  before  Confirmation.  By  the  same  Author.  3Smo. 
price  If.  6d. 

Readings  for  a  Month  Preparatory  to  Confirmation,  from  Writers 
ofthe  Early  and  English  Church.    By  the  same.   Fcp.4«. 

Headings  for  Every  Bay  in  Lent,  compiled  from  the  Writings  of 
Bishop  Jbbbmt  Taylob.    By  the  same.   Fcp.Ss. 

Preparation  for  the  Holy  Communion;  the  DoTotions  chiefly  from 
the  works  of  JeebmtTaylob.    By  the  same.   82mo./8«. 

XOBNING  CLOUDS.    Second  EdiUon.    Fcp.  5#. 

Spring  and  Autumn.    By  the  same  Author.    Post  8to.  6*. 
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The  WIFE'S  MAlTXrAL ;  or,  Prayers,  Thoughts,  and  Songs  on  Several 
Oocasions'of  s  Matron's  Life.  By  the  Eev.  W.  Calybst,  MJl.  Crown  8vo. 
price  lOs.  6d. 

SPIBITTTAL  SONGS  for  tho  SUNDAYS  and  HOLIDAYS  through- 
out the  Year.  By  J.S.B.MoirsELL,  LL.D.yicarofEgham.  Fourth  Edition. 
Fcp.  48.  ed. 

The  Beatitudes :  Abasement  beTore  God  ;  Sorrow  for  Sin  ;  Meekness 
of  Spirit ;  Desire  Tor  Holiness ;  Gentleness ;  Purity  of  Heart ;  the  Peace- 
makers ;  SufTerings  for  Christ.    By  the  same.    Second  Edition,  fcp.  39.  6^. 

HYXNOLOGIA  CHBISTIANA;  or.  Psalms  and  Hymns  selected  and 
arranged  in  the  order  of  the  Christian  Seasons.  By  B.  H.  Kbnvsot,  D.D. 
Prebendary  of  Lichfield.    Crown  8to.  7«.  6d. 

LYBA  DOMESTICA;  Christian  Songs  for  Domestic  Edification. 
Translated  from  the  Psaltery  and  Harp  of  C.  J.  P.  Spitta,  and  from  other 
sources,  by  Bichasd  Massis.  Fibst  aad  Sbcono  Sb^ibs,  fcp.  4«.  6d.  each. 

LYSA  SACSA;  Hymns,  Ancient  and  Modem,  Odes  and  Fragments 
of  Sacred  Poetry.   Edited  by  the  Bev.  B.  W.  Sayilb.  MJL.     Fcp.  6*. 

LYBA  GEBHANICA,  translated  from  the  German  by  Miss  C.  Wink- 

■WOETH.    First  Sbbibs,  Hymns  for  the  Sundays  and  Chief  Festivals; 
SBCOifD  Sbbibs,  the  Christian  Life.   Fcp.5f.  each  Sbbibs. 

Hyxnns  from  Lyra  Germaniea,  ISmo.  1«. 

HISTOBICAL  NOTES  to  the  *LYBA  GEBMANICA:*  containing 
brief  Memoirs  of  the  Authors  of  the  Hymns,  and  Notices  of  Remarkable 
Occasions  on  which  some  of  them  have  oeen  used ;  with  Notices  of  other 
German  Hymn  Writers.    By  Thbodobb  KtBLBB.    Fcp.  Is.  ed. 

LYEA  EVCHAJEtlSTICA;  Hymns  and  Verses  on  the  Holy  Communion, 
Ancient  and  Modern :  with  other  Poems.  Edited  by  the  Rer.  Okbt  Ship- 
LBT,  M.A.    Second  Edition.    Fcp.  7s.  6d, 

Lyra  MeBsianica;  Hymns  and  Verses  on  the  Life  of  Christ,  Ancient 
and  Modem ;  with  other  Poems.    By  the  same  Editor.    Fcp.  7s.ed. 

Lyra  Mystioa ;  Hymns  and  Verses  on  Sacred  Subjects,  Ancient  and 
3Iodern.   By  the  same  Editor.    Fcp.7tf.  6J. 

The  CHOBALE  BOOX  for  ENGLAND;  a  complete  Hymn-Book  in 
accordance  with  the  Services  and  Festivals  of  the  Church  of  England :  the 
Hymns  translated  by  Miss  C.  Winkwokth  t  the  tunes  arranged  by  Prof, 
w.  S.  Beitnbtt  and  Otto  Golbschmidt.   Fcp.  4to.  12«.  6d. 

Congregational  Edition.    Fcp.  28. 

The  CATHOLIC  DOCTBINE  of  the  ATOKEMENT:  an  Historical 
Inquiry  into  its  Development  in  the  Church;  with  an  Introduction  on  the 
Principle  of  Theological  Developments.  By  H.  N.  Oxbkhah,  MA.  for- 
merly Scholar  of  Balliol  College,  Oxford,   avo.  8«.  6d. 

FROM  S17NDAY  TO  SUNDAY :  an  attempt  to  consider  familiarly  the 
Weekday  Life  and  Labours  of  a  Country  Clergyman.  By  R.  Gbe,  M.A. 
Ticar  of  Abbott's  Luigley  and  Rural  Dean.   Fcp.  6*. 

FIRST  SUNDAYS  at  CHURCH;  or,  Familiar  Conyersations  on  the 
MominK  and  Evening  Services  of  the  Church  of  Enghuid.  By  J.  E.  R1DDI.B, 
M.A.    Tcp,2s.ed. 
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Tlie  JTTDGtfEHT  of  COVSCIElf GE,  and  other  Sermons.    By  RxcaAAD 
Whatelt,  D J),  lale  Archbishop  of  Dabiin.   Crown  Svo.  4i.  6d. 

PALET'S  HOBAL  PHIL080PHT,  with  Annotations.     B7  Bickasd 
Whatelt,  D.D.  late  Archbishop  of  Dublin.   8vo.  7*. 


Travels^  VoyageSy  (^c. 

OUTLINE  SKETCHES  of  the  HIGH  ALPS  of  'DAXJVBXBriL  Bj  T. 
G.  BoNNBT,  M.A.  F.G.S.  M JlC.  Fellow  of  St.  John's  ColU  Gamh.  With  IS 
Plates  and  a  Coloured  Map.    Foat4to.l«9. 

ICE-CAVES  of  FEANCE  a&d  SWITZESLANB ;  a  N arratiTe  of  Sab- 
terranean  Exploration.'  By  the  Biev.  G.  P.  Bsowjrs,  M.A.  Fellow  and 
Assistant-Tutor  of  St.  Catherine's  Coll.  Cambrldise,  MJ1.C.  With  U  lUus- 
trations  on  Wood.    Square  crown  8vo.  12s.  Qd. 

VILLAGE  LITE  in  8WITZEBLAND.  By  Sofhul  D.  Deucabd. 
Post  8va  98.  ed. 

HOW  WE  SPENT  the  STTKHEB;  or,  a  Voyage  en  Zigaig  in  Bwitser- 

land  and  Tyrol  with  some  Members  of  the  Alfisb  Club.  From  the  Sketdi- 
Book  of  one  of  the  Party.  In  oblong  4to.  with  aboutSOO  XUttstntKn^  Kis.  6d. 

liAP  of  the  CHAIN  of  EM>NT  BLANC,  from  an  actnal  Survey  in 
1863—1864.  By  A.  AdaxB'Rbillt,  F.B..G.S.  M.A.C.  PuhUshed  undn-  the 
Authority  of  the  Alpine  Club.  In  Chromolithography  on  extn  stout 
draiwing-^paper  88in.  x.  17in.  price  lOt.  or  mounted  on  canvae  in  &  fcddiog 
case.  Its,  6(2. 

The  HTTNTING-GBOTINBS  of  the  OLD' WORLD.  Fibst  Ssbies. 
Asia.   By  H.  A.  L.  the  Old  Shekanry.    Third  Edition,  with  7  lUnatntioDd, 

8to.  18a. 

CAXP  and  CANTONMENT ;  a  Jonmal  of  life  in  India  in  1657—1859, 
with  some  Account  of  the  Way  thither.  By  Mm.  Lbopold  Pa^kt.  To 
which  is  added  a  Short  Narrative  of  the  Pursuit  of  the  B^beU  in  Central 
India  by  M^or  Paobt,  RMJl.   Post  8to.  10«.  6d. 

EZPLOBATI0N8  in  SOTTTH-WEST  ATBICA,  from  WalTiecfa  Bay  to 
Lake  Ngami  and  the  Victoria  Falls.  By  Thokab  Baiss8»  F  JLG.8.  Sto. 
with  Map  and  Illustrations,  ils. 

SOUTH  AHEEIGAN  SKETCHES ;  or,  a  'Visit  to  Bio  Janeiro,  the 
Organ  Mountains.  La  Plata,  and  the  Parana.  By  Teoxas  W.  Hivchuff, 
M.A.  F.B..G.S.    Post  8vo.  with  Illustrations,  12s.  Qtk 

VANCOUYEB  ISLAND  and  BBITISH  COLVIEBIA;  their  History, 
Resources,  and  Prospects.   By  Mattsew  MACia,  FJUG^.   Vltb  Mji|is 

and  Illustrations.    8vo.l8s. 

HISTOBY  of  DISCOYEEY  in  our  AT7STEALA8IAN  COLONIES, 
Australia,  Tasmania,  and  New  Zealand,  flrom  the  Sarliast  Date  to  the 
Present  Day.  Bv  William  Howitt.  WithSMiqwof  the  Beoent  Explora- 
tions fh>m  Official  Sources.    2  vols.  8vo.  2&s. 
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The  CAPITAL  of  the  TYCOON ;  a  Narrative  ofa  Three  Tears'  Besi- 
dence  in  Japan.    Bpr  Sir  Ai 
numerous  Illustrations,  42v. 


dence  in  Japan.    By  Sir  Autkbbvoiid  Alcook,  K.CJ3.    2  vols.  8vo.  with 
Illustration     ^ 


LAST  WnmSB  in  BOXE.  By  C.  B.  Wbld.  With  Portrait  and 
Engravings  on  Wood.    Post  8vo.  149. 

AJJTUia   BAMBLE8  in    VOBTH   APBIOA.      ByJoHH   Ormsbt, 

of  the  Middle  Temple.   With  16  Illustrations.   Post  8vo.  8«.  «d. 

The  DOLOmTE  HOUNTAINS.  Excnnions  through  Tyrol,  Carinthia, 
CamioIa»  and  Friuli  in  1861.  1862,  and  186S.  By  J.  Gilbebt  and  G.  C. 
Chxtbciiili^  PJELG.8.  «With  numerous  Illustrations.  Square  crovn 
8V0.2U. 

A  STTHHEB  TOUB  in  th«  OBIflOirS  and  ITALIAH  VALLEYS  of 

the  Bemina.   1^  Mrs.  HxxBT  Pbsshpibld.   With  8  Coloured  Maps  and 
4yiewa.   Post  8vo.  10r.6d. 

Alpine  B^ewayi;  or,  Xight  Leaves  gathered  in  1859  and  1860.  By 
the  same  Authoress.   Post  eva  with  Illustrations,  lOt.  64. 

A  LADrS  TOim  BOim)  HOVn  MSA;  ioclading  Yistts  to  the 

Italian  Valleys.    With  Map  and  lUustratipns.   Post8vo.l4«. 

OmBE  to  the  FYBEKEES,  for  the  use  of  Moantaineers.  By 
Chaslbs  Paceb.   With  Maps,  Ac  and  Appendix.   Pep.  60. 

The  ALPIKE  CFtTIBE.  By  Johh  Balu  M.B.I.A.  late  Breeident  of 
the  Alpine  Club.   Post  8vo.  with  Maps  and  other  lUustrationa. 

Guide  to  the  Weatern  Alpa,  indnding  Mont  Bknc,  Monte  Rosa, 
Zermatt,ftc    7a  6d. 

Gnide  to  the  Oherland  and  all  Switierland,  excepting  the  Neighbour- 
hood of  Monte  Bosa and  the  Great  St.  Bernard;  with  Lombardj  and  the 
ac^oining  portion  of  Tyrol.   7s.  6d. 

CHBI8TQPHEB  COLUMBVi;  his  Iiife,  Voyages,  and  Biecoyeries. 
Bevised  Edition,  with  4  Woodcuts.   18mo.2«.6d. 

CAPTAIN  JAXES  COOK ;  his  Life,  Voyages,  and  Discoveriefl.  Bevised 
Edition,  with  numerous  Woodcuts.   18mo.  2«.  6d. 

NABBATIVE8  of  SEIPWBBOKS  of  the  BOYAL  MAVY  between  1793 
and  1857,  compiled  from  Official  Documents  in  the  Admiralty  by  W.  O.  8. 
GiXJiT ;  With  a  Preftee  by  W.  8.  Chilly,  I>.D.   Third  Edition,  fop.  6s. 

A  WEEK  at  the  LAND'S  ENB.  By  J.  T.  Bliqht  ;  assisted  by  £. 
H.  BoDD,  B.  Q.  Corcn,  and  J.  Balvs.  With  Map  and  96  Woodcuts.  Fop. 
price  6«.6d. 

VISITS  to  BSXABKABLE  PLACES:'  Old  Halls,  Battle-Fields,  and 
Scenes  IDustrative  of  Striking  Passages  In  Bnglitfi  Histoir  and  Poetry. 
By  William  Howitt.  2  vols,  square  crown  8vo.  with  Wooa  Engravings, 
price  8fit. 

The  BUBAL  LIFE  of  ENGLAND.  By  the  same  Author.  With 
Woodcuts  by  Bewick  and  Williams.   Medium  8vo.lU.6tf. 
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Works  of  Fiction. 


"LkTE  LAVBELB :  a  Tale.    By  the  Author  of '  Wheat  and  Tare^'    2 
▼ol8.  post  8to.  ISt. 

A  FIB8T    FBDBITDSEIP.      [Reprinted    from  Fraser*9  Magasme.'] 
Crown  8to.  7«.  6d. 

ATHEB8T0HE  PBIOBT.    By  L.  N.  Comtk.    2  toIs.  post  8to.  21«. 

Ellice :  a  Tale.    By  the  same.    Post  8yo.  9«.  6<f. 

ST0BIE8  and  TALES  by  the  Author  of  '  Amy   Herbert,'  nniform 
Edition,  each  Tsle  or  Stoiy  complete  in  a  single  Volume. 


AlCT  HBnBBBT,2t.6<2. 

Oebtsudb,  2f.  6d. 
Earl's  Daughtbb,  U.  6d. 
EzPEBIBirCB  OP  LiFB,  2t.  6ci. 
Clbyb  Hajll,  3f.'6d. 


Iyobs.  U.  6d. 

JLlthabivb  AsHTOir,  8«.  6(1. 
Mabqasbt  Pbbcitai^  5& 
Lavbtov  PAsaoBAOB,  4m.  6(2. 
XJbsula,  4c  ed. 


A  Olimpse  of  the  World.  By  the  Author  of  'Amy  Herbert'  Fq>.  7&  6d 

S88AT8  on  PICTIOir ;  reprinted  chiefly  from  Reviews,  with  Additions. 
By  Nasba V  W.  Bbitiob.   Post  8to.  10#.  6(2. 

ELIHT7  JAN*8  8T0BT ;  or,  the  Private  Life  of  an  Eastern  Qneen. 
By  William  Kbiohtoit,  LL.D.  Assistant-Commissioner  in  Oudh.  Po&: 
8vo.  7s.  ad. 

THE  SIX  SISTERS  of  the  YALLET8:  an  Historical  Romance.  Bj 
W.  Bbaulet-Uoobb,  M.A.  Incumbent  of  Gerrard's  Cross.  Bucks.  Thiri 
Edition,  with  14  Illustrations.    Crown  8vo.  5«. 

The  GLADIATORS :  A  Tale  of  Rome  and  Judsea.  By  G.  J.  Whtte 
Hblyillb.   Crown  8vo.5f. 

Digby  Grand,  an  Autobiography.    By  the  same  Author.    1  toI.  5«. 

Kate  Coyentry,  an  Autobiography.    By  the  same.     1  toL  5t. 

Ctoneral  Bounoe,  or  the  Lady  and  the  Locusts.   By  the  same.   1  toI.  5s. 

Holmby  House,  a  Tale  of  Old  Northamptonshire.    1  toL  5s. 

Good  for  Nothing,  or  All  Down  Hill.    By  the  same.    1  yd.  6«. 

The  Queen's  Karles,  a  Romance  of  Holyrood.    1  vol  6s. 

The  Interpreter,  a  Tale  of  the  War.    By  the  same.    1  vol.  5a. 
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Author.    Crown  8vo.  6«. 


Poetry  and  the  Drama, 

SELECT  WORKS  of  the  BRITISH  POETS;  with  Biographical  and 
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Jomr  Leech).   8vo.42«. 
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i  HAimGAL  DICnONABT,  defining  tbe  Technical  Language  re- 
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By  Abthuh  Tounq.  Second  Edition ;  witb  Plates  and  150  Woodcuts. 
Svo.  18*. 
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Sea  Officers.    By  S.  M.  Saxbt,  K.N.   Post  Svo.  witb  S7  Diagrams,  6*.  6(1. 

I  XANITAL  for  NAVAL  CADETS.  By  J.  M«Nbil  Botd,  late  Cap- 
tain BuN,  Third  Edition;  with  840  Woodcuts  and  U  coloured  Plates. 
Po8t8vo..l2«.6d. 
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Newly  revised  and  enlarged;  witb  S  Plates,  Figures,  and  150  Woodcuts. 
rcp.7*.6d.  .     -o    «-. 

he  HANDBOOK  of  DINING ;  or.  Corpulency  and  Leanness  scienti- 
fically considered.  By  BBiLLAT-SAYASiir.  Author  of  *Ptaysiologie  du  Qodt* 
Translated  by  L.  F.  Simpso5.  Revised  Edition,  with  Additions.  Fcp.  8*.  M, 
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W.  BsiXTOV.  M.D.  Physiciaa  to  St.  Thomaa's  Hospital,  ^bc  With  48  Wv*ud- 
cutM.   Post8vo.l2». 

WIVB,  the  VINE,  and  the  CELLAB.  Bf  Thokas  6.  Shaxt.  Se- 
cond Edition,  revised  aud  enlarged,  with  Frontispiece  and  31  lUiistration^ 
on  Wood.    8vo.  16». 

A  PBACnCAL  TBEATISE  on  BSSWING ;  with  Formnis  for  Fnblli 
Brewers,  and  Instructions  for  Private  Families.  E^y^W.Bi^CK.  8raia*.&i 

8H0BT  WHIST.  By  Major  A.  Sixteenth  Edition,  reTised,  iriih  at 
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WHIST,  WHAT  TO  LEAD.    Bj  Cam.    Second  Edition.    32mo.  U. 

'HINTS  on  ETIQITETTE  and  the  T78AOES  of  80CIETT  ;  with  i 
Glance  at  Bad  Habits.  Revised,  with  Additions,  by  a  Lady  of  Base.  Fj; 
price  2s.  6d, 

The  CABINET  LAWTEB  ;  a  Popular  Digest  of  the  Laws  of  Englanj 
Civil  and  Criminal.  Twentieth  Edition,  extended  by  the  Author;  includi::^ 
the  Acts  of  the  Sessions  1S6S  and  1864    Fcp.  lOa  6d. 

'  The  FHILOSOFHT  of  HEALTH ;  or,  an  Exposition  of  the  Phjsk- 
logical  and  Sanitary  Conditions  conducive  to  Human  L(»eevity  a» 
Happiness.  By  Southwood  Smith.  M.D.  Eleventh  Edition,  revised  asi 
enlaiged :  with  113  Woodcuts,  8vo.  168. 

.  HINTS  to  HOTHEBS   on  the  HANAGEHENT  of  their  HBALTI 

during  the  Period  of  Pregnancy  and  in  the  Lying-in  Boom.  B^  T.  Bru 
MJ).    Pcp.B». 

'  The  Xatemal  Management  of  Children  in  Health  and  Diaeaae.  B; 
the  same  Author.   Fcp.  6s. 

NOTES  on  HOSPITALS.  By  Floebnob  NiOHTDraALB.  Third  £<i! 
tion,  enlarged ;  with  13  Plans.    Post  4to.  18f. 

0.  K.  WILLICH^S  FOFULAB  TABLES  for  ascertaining  the  Vals 
of  Lifehold.  Leasehold,  and  Church  Property,  Renewal  Finea,  Ac. ;  t. 
Public  Funds;  Annual  Average  Price  and  Interest  on  Consols  from  ITSI  i 
1861;  Chemical,  GeographicaU  Astronomical,  Trigonometrical  Tahks.  t 
Post  8V0. 10s. 

THOMSON'S  TABLES  of  INTEBEST,  at  Three,  Fonr,  Four  and 
Half,  and  Five  per  Cent,  from  One  Pound  to  Ten  Thousand  and  tram  1 : 
866  Days.   12mo.  8s.  6c{. 

MAinfD^'S   TBEASUBT   of  KNOWLEDGE  and    UBMABY    < 

Reftnrenoe:  comprising  an  English  Dictionary  and  Gnmmar.  UniTtri 
Gasetteer,  Classical  Dictionanr,  Chronology.  Law  Dictionaiy,a  Srootc 
of  the  Peerage,  useftil  Tables,  ie.   Fop.lOt. 
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